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(57) Abstract: The present invention provides recombinant adeno- associated virus (rAAV) vectors comprising a heterologous nu- 
^ cleotide sequence encoding factor VIII (factor VIII). In preferred embodiments, the factor VH1 is a B-domain deleted factor Vm. 

Also provided are methods of producing a high titer stock of the inventive rAAV/factor Vm vectors. Another aspect of the invention 
Q is a method of delivering a nucleotide sequence encoding factor VIII to a cell, preferably for subsequent administration to a subject 

The present invention further provides methods of administering rAAV/factor VTTI to a subject, e.g., for the treatment of hemophilia. 
^ The rAAV vector may be administered by any route, but is preferably administered to the liver. 
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ADENO- AS S OCI ATED VIRUS VECTORS 
ENCODING FACTOR VIII AND METHODS OF USING THE SAME 



FIELD OF THE INVENTION 
This invention relates to reagents and methods for providing Factor VIII, and 
more particularly relates to viral reagents and methods for providing Factor VIII. 

BACKGROUND OF THE INVENTION 
5 Hemophilia A is an inherited sex-linked bleeding disease resulting from 

deficiency of coagulation factor VIII (factor VIII). Hemophilia A comprises the 
majority of hemophilia patients (80%) with an incidence of 1 in 5-10,000 live males 
births (Antonarakis et al (1998) Haemophilia 4:\). Hemophilia patients suffer from 
spontaneous bleeding into the large joints, soft tissue, and are at risk for intracranial 
10 hemorrhage. Recurrent episodes of joint bleeding are the most frequent manifestation 
of the disease leading to crippling arthropathy, particularly in severely affected 
patients. 

Gene therapy is an attractive alternative for the treatment of hemophilia A 
patients. Persistent expression of human factor VIII would make a profound impact 

1 5 on treatment of hemophilia A patients even at levels less than therapeutic levels 

(approximately equal to or greater than 5% of normal). Both retroviral and adenoviral 
vectors have been used to deliver factor VIII cDNA (Dwarki et al (1995) Proc. Nat. 
Acad Set USA 02:1023; Connelly et al (1998) Blood 91:3273; Connelly et al (1996) 
Blood 57:4671). Moloney murine leukemia virus (MoMLv) amphotropic vectors 

20 suffer from poor transduction of post-mitotic cells (Dwarki et al (1995) Proc. Nat. 
Acad. Sci. USA 92: 1023). Adenovirus carrying the human factor VIII cDNA directed 
to the liver express high-level factor VIII in animal models. However expression 
wanes with time due to the well-characterized cell-mediated immune response to the 
vector (Connelly etal (1996) Blood 57:4671; Connelly et al (1996) Blood 55:3846). 

25 Such immune responses can have serious consequences to the recipient. Immune 

responses result in inflammation, cell death, and even death of the patient. 

Adeno-associated virus is a nonpathogenic defective parvovirus capable of 

infecting a broad range of mitotic or post-mitotic cells (Rabinowite et al (1998) 

1 
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Current Opinio^^^tiotechnology P:470). rAAV has be^Jbwn to be capable of 
expressing a functional FIX gene persistently in a large animal model (Snyder et al 
(1999) Nature Medicine 5:64), where factor VIII and FIX are synthesized (Wion et al 
(1985) Nature 317:726; Zelechowska et al (1985) Nature 377:729). 
5 A disadvantage of rAAV vectors is their restricted packaging capacity (Dong 

et al (1996) Human Gene Therapy, 7:2101). Wild-type (wt) AAV is a 4.6 kb linear 
single-stranded DNA virus. The total size of the AAV vector influences the efficiency 
of its packaging into AAV virions. Dong et al determined the packaging efficiencies 
of AAV vectors by quantitating the DNA content of viral particles and assaying the 

10 efficiency of AAV virions to transfer the CAT gene into HeLa cells. Efficient 

packaging as determined by Dong et al includes particles that contain and express the 
transgene. The results demonstrate that the packaging efficiency of AAV is affected 
by the length of the genome. 

The human factor VIII gene comprises a central B domain core flanked by the 

1 5 amino Al and A2 domains and carboxyl A3, CI, and C2 domains. The B domain can 
be deleted without any significant effect on specific procoagulant activity (Pittman et 
al ( 1 993) Blood 81 :2925). However, even B-domain deleted human factor VIII 
cDNA (B-domain deleted human factor VIII) is not thought feasible for testing in 
rAAV (Pittman et al (1993) Blood 81:2925), as its 4.4 kb size is believed to preclude 

20 its efficient packaging within the limited confines of a rAAV vector (Kay and High 
(1999) Proc. Natl Acad Sci. USA 9tf:9973> Thus, it is felt that production of high- 
titer AAV B-domain deleted human factor VIII vector would be very difficult (Kay 
and Russell (1999) Blood 94:864). 

Somatic cell gene therapy to treat hemophilia A is further complicated by 

25 difficulties attendant to expression of the factor VIII gene. Persistent human factor 
VIII expression has been demonstrated to be hampered by poor transcription 
efficiency of the human factor VIII gene (Connelly et al (1996) Blood 97:3846; 
Rabinowitz et al (1998) Current Opinion in Biotechnology 9:470>, inefficient 
secretion of factor VIII protein (Snyder et al (1999) Nature Medicine 5:64; Wion et 

30 al ( 1 985) Nature 31 7:726), and the relatively short half-life of the factor VIII protein 
(Un - 12 hours; Wion et al (1985) Nature 317:726; Zelechowska et al (1985) Nature 
577:729). 
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Accordin^^here remains a need in the art for im^^ed reagents and 
methods for treating hemophilia A. 



SUMMARY OF THE INVENTION 
5 Compositions and methods for the expression of a biologically active factor 

VIII (factor VIII) protein in a subject are provided. The compositions and methods 
are useful in the treatment of coagulation disorders, particularly hemophilia A, in a 
subject. The compositions include a recombinant AAV (rAAV) vector comprising a 
nucleotide sequence encoding B-domain deleted factor VIII operably linked with at 

10 least one enhancer and at least one promoter. In some embodiments, the AAV ITR is 
operably linked to the nucleotide sequence encoding the B-domain deleted factor 
VIII, such that the ITR drives the expression of the B-domain deleted factor VIII 
transgene. The vector may also comprise a transcription factor binding site and/or a 
termination region. Optionally, spacer DNA can be included within the cassette. The 

15 rAAV vector of the invention encodes a biologically-active B-domain deleted factor 
VIII protein that may be administered in vivo to achieve long-term expression of 
therapeutic levels of factor VIII protein. Accordingly, the present invention utilizes 
the many advantages of rAAV vectors, while overcoming the constraints imposed by 
the limited packaging capacity of the AAV capsid. 

20 Another aspect of the invention is an rAAV vector comprising a heterologous 

nucleotide sequence encoding a B-domain deleted factor VIII selected from the group 
consisting of: (a) about nucleotides 419 to 4835 of Figure 1 (also shown in SEQ ID 
NO:l), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 
under conditions of high stringency and which encodes a B-domain deleted factor 

25 VIII, and (c) a nucleotide sequence that that differs from the nucleotide sequences of 
(a) and (b) above due to the degeneracy of the genetic code, and which encodes a B- 
domain deleted factor VIII. 

The invention also provides methods of delivering a heterologous nucleotide 
sequence encoding B-domain deleted factor VIII to cells in vitro and in vivo, 

30 Accordingly in one embodiment, a method is provided for delivering a nucleotide 
sequence encoding B-doamin deleted factor VIII to a cell, the method comprising 
contacting the cell with a rAAV vector comprising a heterologous nucleotide 
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sequence encodi^^ctor VIII operably linked with a live^^ferred expression 
control element. The contacting may be carried out in vitro or in vivo. 

A further embodiment is a method of delivering a nucleotide sequence 
encoding a B-domain deleted factor VIII to a cell comprising contacting the cell with 
5 the rAAV vector of the invention. The rAAV vector comprising a heterologous 

nucleotide sequence encoding a B-domain deleted factor VIII selected from the group 
consisting of: (a) about nucleotides 419 to 4835 of Figure 1 (also shown in SEQ ID 
NO.l), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 
under conditions of high stringency and which encodes a B-domain deleted factor 
10 VIII, and (c) a nucleotide sequence that differs from the nucleotide sequences of (a) 
and (b> above due to the degeneracy of the genetic code, and which encodes a B- 
domain deleted factor VIII. 

In yet a further aspect, the present invention provides a method of treating 
hemophilia A comprising administering to a hemophiliac subject a biologically 
1 5 effective amount of a rAAV vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII. Preferably, the encoded B-domain deleted 
factor VIII is expressed in a therapeutically effective amount. 

In a further embodiment, the invention provides a method of treating 
hemophilia comprising administering a biologically effective amount of a rAAV 
20 comprising a heterologous nucleotide sequence encoding B-domain deleted factor 
VIII to a liver cell of a hemophiliac subject. Preferably, the encoded B-domain 
deleted factor VIII is expressed by the transduced liver cell and is secreted into the 
blood in a therapeutically effective amount. 

As a still further embodiment, the present invention provides a method of 
25 administering factor VIII to a subject comprising administering a cell expressing 

factor VIII to the subject, wherein the cell has been produced by a method comprising 
contacting the cell with a recombinant adeno-associated virus (AAV) vector of the 
invention. 

The present invention further provides a method of producing a high-titer 
30 stock of a rAAV vector comprising: (a) infecting a packaging cell with a rAAV vector 
comprising a heterologous nucleotide sequence encoding factor VIII, (b) allowing the 
rAAV genome to replicate and be encapsidated by the packaging cell, and (c) 
collecting the rAAV particles to form a rAAV stock. As indicated, the heterologous 

4 
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nucleotide seque^^ncoding B domain deleted factor Vl^^bperably linked with a 
liver-preferred expression control element. Also provided are high-titer virus stocks 
produced by the foregoing method. 

Methods for the production of a stable cell line by infection with the rAAV 
5 vector of the invention are also provided. Such cell lines are generated by 

transfection with vector, selection, followed by cloning of individual colonies. Clones 
exhibiting high level replication of vector are then tested for production of infectious 
vector. The cell line is capable of expressing B domain deleted VIII. 

Another aspect of the invention is a nucleotide sequence encoding factor VIII 

10 operably linked with a hepatitis virus expression control element. In some 

embodiments, this expression control element is from hepatitis B and comprises at 
least one of the enhancers selected from the hepatitis Enhl enhancer and the Enhll 
enhancer. The nucleotide sequence may further comprise at least one promoter and a 
polyadenylation sequence. In some embodiments, at least one promter is an AAV 

15 ITR. The invention also encompasses vectors comprising the nucleotide sequence 
encoding factor VIII operably linked with a hepatitis virus expression control element, 
and host cells containing this vector. 

These and other aspects of the present invention are provided in more detail in 
the description of the invention below. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 provides the sequence of plasmid pDLZ6 encoding a human B- 
domain deleted factor VIII. This sequence is also set forth in SEQ ID NO:l . The 
expression cassette includes the left and right AAV inverted terminal repeats (ITR; 
25 about nucleotides 1-146 and 4916-5084), the hepatitis B virus Enhl enhancer (about 
nucleotides 150-278), spacer sequence (nucleotides 279-399), human B-domain 
deleted factor VIII (about nucleotides 419-4835), and the TK poly (A) sequence (about 
nucleotides 4840-4914). The amino acid sequence for human B-domain deleted 
factor VIII encoded by nucleotides 419-4835 (SEQ ID NO:2) is also shown. 
30 Figure 2 is a schematic representation of the rAAV/B-domain deleted human 

factor VIII constructs. The maps for the two rAAV constructs expressing B-domain 
deleted human factor VIII are shown: pDLZ2 (4965 bp including 2 ITRs, 107% of wt- 
AAV) and pDLZ6 (5089 bp including 2 ITRs, 109% of wt-AAV). ITR, AAV inverted 

5 
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terminal repeat; Enhancer I of the HBV; NCS, spac^^quence; P(A), TK 
polyadenylation sequence. 

Figure 3 shows the replication and packaging of rAAV/B-domain deleted 
human factor VIII. Low molecular weight DNA (Hirt DNA) was isolated from 
5 rAAV/DLZ2, DLZ6, and DLZ8 (control) transduced HeLa and HepG2 cells, 
separated by agarose gel, and probed with B-domain deleted human factor VIII 
cDNA. From right to left: Control Lane, 1- HepG2+ rAAV/DLZ8; 2- HeLa + 
rAAV/DLZ8; DLZ2: 1- HeLa + rAAV/DLZ2; 2- HepG2 + rAAV/DLZ2; DLZ6: 1- 
HeLa + rAAV/DLZ6; 2- HepG2 + rAAV/DLZ6; and uncoated rAAV/DLZ6 virion 
10 DNA. 

Figure 4 is a graphical representation of in vivo expression of rAAV/B-domain 
deleted human factor VIII in mice. Purified rAAV/DLZ6 virus was administered to 
the mice via the portal vein. ELISA was employed to determine human factor VIII 
level in the plasma and BIA was utilized to measure anti-human factor VIII inhibitor 

15 titer. Panel A. B-domain deleted human factor VIII antigen level and anti-human 
factor VIII inhibitor titer in the plasma of the mice (n=4) receiving 2 x 10 1 1 
rAAV/DLZ6. Panel B. B-domain deleted human factor VIII antigen measurement of 
NOD/scid mice (n=4) receiving 1.5x10 11 rAAV/DLZ6. Solid line: human factor VIII 
antigen level, Dashed line: anti-B-domain deleted human factor VIII inhibitor titer. 

20 Figure 5 presents molecular analysis of the mice receiving injection of 

rAAV/DLZ6. Panel A. Diagram of the primers designed for the PCR. Panel B. DNA 
PCR- rAAV vectors distribution in mice via portal vein injection. A rAAV/DLZ6 
unique 450 bp fragment was amplified by DNA PCR to test distribution of rAAV 
after hepatic injection. Negative control, Liver DNA of the control mouse. DNA 

25 samples of brain, spinal cord, muscle, bone marrow, heart, lungs, testis, lymph nodes, 
kidney, intestine, spleen from the mouse receiving high dose rAAV/DLZ6. Liver/LD: 
liver DNA from mouse receiving low dose rAAV/DLZ6. Liver HD: liver DNA from 
mouse receiving high dose rAAV/DLZ6. Standard curve- genomic DNA from 
control mouse liver with 5, 1, 0.2, 0.1, 0.01 and 0 genome copy equivalents of 

30 plasmid pDLZ6 per cell, respectively. Panel C. Diagram of the primers designed for 
RT/PCR. Panel D. RT-PCR analysis of total RNA isolated from control and 
experimental animals. Primers were designed to amplify a 534 bp B-domain deleted- 
human factor VIII specific fragment. RT control employed RNA isolated from the 



mouse liver recej^^ high dose rAAV/DLZ6. The negati^^ntrol used RNA 
isolated from control animal. RNA samples of muscle, brain, lymph nodes, testis, 
kidney and spleen were from the mouse receiving high dose rAAV/DLZ6. LD: liver 
RNA isolated from mouse receiving low dose AAV/DLZ6. HD: liver RNA isolated 
5 from mouse receiving high dose rAAV/DLZ6. Panel E. Diagram of the restriction 
digestion using Sph I. Panel F. Southern blot analysis of high molecular weight 
genomic DNA and Hirt DNA isolated from experimental animals. Standard curve: 
genomic DNA from control mouse liver with 5, 1, 0.2, and 0.02 genome copy 
equivalents of plasmid pDLZ6 per cell, respectively. HMW genomic DNA and low 
10 molecular wt liver DNA (HIRT) isolated from animals receiving high dose 
rAAV/DLZ6. 

Figure 6 provides the sequence of plasmid pDLZIO (SEQ ID NO:3) encoding 
a canine B-domain deleted factor VIII. The expression cassette includes the left and 
right AAV inverted terminal repeats (ITR; nucleotides 1-144 and 4885-5048), the 
15 hepatitis B virus Enhl enhancer (nucleotides 149-278), spacer sequence (nucleotides 
279-399), canine B-domain deleted factor VIII (about nucleotides 428-4790), and the 
TK poly(A) sequence (nucleotides 4804-4884). The amino acid sequence for canine 
B-domain deleted factor VIII encoded by nucleotides 428-4790 is also shown in this 
figure and in SEQ ID NO:4. 

20 

DETAILED DESCRIPTION OF THE INVENTION 
The invention provides compositions and methods to alleviate the symptoms 
associated with factor VIII deficiency. Compositions include rAAV vectors 
comprising a nucleotide sequence encoding a B-domain deleted factor VIII protein 
25 operably linked with at least one enhancer and at least one promoter. In some 
embodiments, the vector comprises a liver-preferred expression control element. 
Spacer DNA and a 3' termination region may be optionally included within the 
cassette. 

While the invention is not bound by any mechanism of action, it is believed 
30 that in the preferred embodiments, the ITR region or regions of the AAV serves as a 
promoter to drive expression of the factor VIII nucleotide sequence. That is, at least 
one of the inverted terminal repeats (ITRs) found at each end of the AAV genome is 
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example, US Patent No. 5,866,696, herein incorporated in its entirety by reference. 

The following definitions are provided to be used to understand the invention 
as set forth herein and in the attached claims. 

An "expression control element" is a polynucleotide sequence, preferably a 
DNA sequence, which increases transcription of an operably linked or operably linked 
polynucleotide in a host cell that allows that expression control element to function. 
An expression control element can comprise an enhancer, promoter, and/or a 
transcription factor binding site. A liver-preferred transcriptional regulatory element 
is an expression control element that increases transcription of an operably linked 
polynucleotide sequence in a liver cell in comparison with a non-liver cell. 

"Factor VHI-associated disorders" are those disorders or diseases that are 
associated with, result from, and/or occur in response to, insufficient levels of factor 
VIIL Such disorders include, but are not limited to, hemophilia A. 

The terms "polypeptide" "peptide" and "protein" are used interchangeably 
herein to refer to polymers of amino acids of any length. The terms also encompass 
an amino acid polymer that has been modified; for example, disulfide bond formation, 
glycosylation, lipidation, or conjugation with a labeling component. 

The terms "polynucleotide", "nucleotide sequence", and "nucleic acid", used 
interchangeably herein, refer to a polymeric form of nucleotides of any length, 
including deoxyribonucleotides or ribonucleotides, or analogs thereof. A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
and nucleotide analogs, and may be interrupted by non-nucleotide components. If 
present, modifications to the nucleotide structure may be imparted before or after 
assembly of the polymer. The term polynucleotide, as used herein, refers 
interchangeably to double- and single-stranded molecules. Unless otherwise specified 
or required, any embodiment of the invention described herein that is a polynucleotide 
encompasses both the double-stranded form and each of two complementary 
single-stranded forms known or predicted to make up the double-stranded form. 

"AAV" is an abbreviation for adeno-associated virus, and may be used to refer 
to the virus itself or derivatives thereof. The term covers all subtypes and both 
naturally occurring and recombinant forms, except where required otherwise. "AAV" 
refers to adeno-associated virus in both the wild-type and the recombinant form 
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(rAAV) and encc^^sses mutant forms of AAV. The ten^^V further includes, but 
is not limited to, AAV type 1, AAV type 2 : AAV type 3, AAV type 4, AAV type 5, 
AAV type 6, AAV type 7, avian AAV, bovine AAV, canine AAV, equine AAV, and 
ovine AAV (see, e.g., Fields et a/., Volume 2, Chapter 69 (3d ed., Lippincott-Raven 
5 Publishers/ In a preferred embodiment, the AAV used in the present invention is 
AAV type 2. 

By "adeno-associated virus inverted terminal repeats" or "AAV ITRs" is 
meant the palindromic regions found at each end of the AAV genome. The ITRs 
function together in cis as origins of DNA replication and as packaging signals for the 

10 virus. For use with the present invention, flanking AAV ITRs are positioned 5* and 3' 
of a cassette comprising a B domain deleted factor VIII coding sequence operably 
linked with an enhancer and optionally spacer DNA or promoter elements. In some 
embodiments, the AAV ITR is operably linked to the B-domain deleted factor VIII 
encoding nucleotide sequence such that it drives expression of this sequence. 

15 The nucleotide sequences of AAV ITR regions are known. See, e.g., Kotin, R. 

M. (1994) Human Gene Therapy 5:793-801; Bems, "Parvoviridae and Their 
Replication," in Fundamental Virology, 2d ed. (ed. Fields and Knipe) for the AAV-2 
sequence. As used herein, an "AAV ITR" need not have the wild-type nucleotide 
sequence depicted, but may be altered, e.g., by the insertion, deletion or substitution 

20 of nucleotides. Additionally, the AAV ITR may be derived from any of several AAV 
serotypes, including without limitation, AAV-1 , AAV-2, AAV-3, AAV-4, AAV-5, 
AAV-6, AAV-7, etc. The 5' and 3' ITRs flanking a selected heterologous nucleotide 
sequence comprising a factor VIII coding sequence need not necessarily be identical 
or derived from the same AAV serotype or isolate, so long as they function as 

25 intended, i.e., to allow for the integration of the associated heterologous sequence into 
the target cell genome when the rep gene is present (either on the same or on a 
different vector), or when the Rep expression product is present in the target cell. 
Recent evidence suggests that a single ITR can be sufficient to carry out the functions 
normally associated with configurations comprising two ITRs (U.S. Patent 5,478745), 

30 and vector constructs with only one ITR can thus be employed in conjunction with the 
packaging and production methods described herein. 

A "biologically effective" amount of an rAAV vector of the invention is an 
amount that is sufficient to result in transduction and expression of the heterologous 

9 



nucleotide sequei^^ncoding the B-domain deleted factoi^^ by at least one cell in 
the target tissue or organ. 

An "rAAV vector", "rAAV virus" , or n rAAV viral particle" as used herein 
contains at least one AAV capsid protein (preferably by all of the capsid proteins of a 
5 wild-type AAV) and an encapsidated rAAV comprising a polynucleotide sequence 
not of AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence 
of interest for the genetic transformation of a cell. The heterologous polynucleotide is 
flanked by at least one, preferably two, AAV inverted terminal repeat sequences 
(ITRs). 

10 "Packaging" refers to a series of intracellular events that result in the 

assembly and encapsidation of an AAV particle or rAAV particle. In the case of the 
rAAV particle, packaging refers to the assembly and encapsidation of the rAAV 
particle including the transgene. 

AAV "rep" and "carp" genes refer to polynucleotide sequences encoding 

15 replication and encapsidation proteins of adeno-associated virus. They have been 
found in all AAV serotypes examined, and are described below and in the art. AAV 
rep and cap are referred to herein as AAV "packaging genes". 

A "helper virus" for AAV refers to a virus that allows AAV to be replicated 
and packaged by a mammalian cell. A variety of such helper viruses for AAV are 

20 known in the art, including adenoviruses, herpesviruses and poxviruses such as 
vaccinia. The adenoviruses encompass a number of different subgroups, although 
Adenovirus type 5 of subgroup C is most commonly used. Numerous adenoviruses of 
human, non-human mammalian and avian origin are known and available from 
depositories such as the ATCC. Viruses of the herpes family include, for example, 

25 herpes simplex viruses (HSV) and Epstein-Barr viruses (EBV), as well as 

cytomegaloviruses (CMV) and pseudorabies viruses (PRV); which are also available 
from depositories such as ATCC. 

An "infectious" virus or viral particle is one that comprises a polynucleotide 
component which it is capable of delivering into a cell for which the viral species is 

30 trophic. The term does not necessarily imply any replication capacity of the virus. 
Assays for counting infectious viral particles are described in the art. 

A "replication-competent" virus (e.g., a replication-competent AAV, 
sometimes abbreviated as "RCA") refers to a phenotypically wild-type virus that is 

10 



infectious, and is^^ capable of being replicated in an inf^^ cell (i.e., in the 
presence of a helper virus or helper virus functions). In the case of AAV, replication 
competence generally requires the presence of functional AAV packaging genes. 
Preferred rAAV vectors as described herein are replication-incompetent in 
5 mammalian cells (especially in human cells) by virtue of the lack of one or more 
AAV packaging genes. Preferably, such rAAV vectors lack any AAV packaging 
gene sequences in order to minimize the possibility that RCA are generated by 
recombination between AAV packaging genes and an rAAV vector. 

A "gene" refers to a polynucleotide containing at least one open reading frame 
1 0 that is capable of encoding a particular protein after being transcribed and translated. 

"Expression", as used herein, refers to the transcription and/or translation of a 

gene. 

"Recombinant", as applied to a polynucleotide means that the polynucleotide 
is the product of various combinations of cloning, restriction or ligation steps, and 

1 5 other procedures that result in a construct that is distinct from a polynucleotide found 
in nature. A recombinant virus is a viral particle comprising a recombinant 
polynucleotide. The terms respectively include replicates of the original 
polynucleotide construct and progeny of the original virus construct. 

"Operatively linked" or "operably linked" or "operably associated" refers to a 

20 juxtaposition of genetic elements, wherein the elements are in a relationship 
permitting them to operate in the expected manner. For instance, a promoter is 
operably linked to a coding region if the promoter helps initiate transcription of the 
coding sequence. There may be intervening residues between the promoter and 
coding region so long as this functional relationship is maintained. 

25 "Heterologous" means derived from a genotypically distinct entity from that 

of the rest of the entity to which it is being compared. For example, a polynucleotide 
introduced by genetic engineering techniques into a plasmid or vector derived from a 
different species is a heterologous polynucleotide. A promoter removed from its 
native coding sequence and operably linked to a coding sequence with which it is not 

30 naturally found linked is a heterologous promoter. 

"Genetic alteration" refers to a process wherein a genetic element is 
introduced into a cell other than by mitosis or meiosis. The element may be 
heterologous to the cell, or it may be an additional copy or improved version of an 

11 



element already ^^nt in the cell. Genetic alteration maj^^feffected, for example, 
by transfecting a cell with a recombinant plasmid or other polynucleotide through any 
process known in the art, such as electroporation, calcium phosphate precipitation, or 
contacting with a polynucleotide-liposome complex. Genetic alteration may also be 
5 effected, for example, by transduction or infection with a DNA or RNA virus or viral 
vector. Preferably, the genetic element is introduced into a chromosome or mini- 
chromosome in the cell; but any alteration that changes the phenotype and/or 
genotype of the cell and its progeny is included in this term. 

A cell is said to be u stably" altered, transduced, or transformed with a genetic 

10 sequence if the sequence is available to perform its function during extended culture 
of the cell in vitro. In preferred examples, such a cell is "inheritably" altered in that a 
genetic alteration is introduced which is also inheritable by progeny of the altered cell. 

"Stable integration" of a polynucleotide into a cell means that the 
polynucleotide has been integrated into a replicon that tends to be stably maintained 

15 in the cell. Although episomes such as plasmids can sometimes be maintained for 

many generations, genetic material carried episomally is generally more susceptible to 
loss than chromosomally-integrated material. However, maintenance of a 
polynucleotide can often be effected by incorporating a selectable marker into or 
adjacent to a polynucleotide, and then maintaining cells carrying the polynucleotide 

20 under selective pressure. In some cases, sequences cannot be effectively maintained 
stably unless they have become integrated into a chromosome; and, therefore, 
selection for retention of a sequence comprising a selectable marker can result in the 
selection of cells in which the marker has become stably-integrated into a 
chromosome. Antibiotic resistance genes can be conveniently employed as such 

25 selectable markers, as is well known in the art. Typically, stably-integrated 

polynucleotides would be expected to be maintained on average for at least about 
twenty generations, preferably at least about one hundred generations, still more 
preferably they would be maintained permanently. The chromatin structure of 
eukaryotic chromosomes can also influence the level of expression of an integrated 

30 polynucleotide. Having the genes carried on stably-maintained episomes can be 
particularly useful where it is desired to have multiple stably-maintained copies of a 
particular gene. The selection of stable cell lines having properties that are 
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particularly desir^^pn the context of the present inventio^p described and 
illustrated below. 

An "isolated" plasmid, virus, or other substance refers to a preparation of the 
substance devoid of at least some of the other components that may also be present 
5 where the substance or a similar substance naturally occurs or is initially prepared 
from. Thus, for example, an isolated substance may be prepared by using a 
purification technique to enrich it from a source mixture. Enrichment can be 
measured on an absolute basis, such as weight per volume of solution, or it can be 
measured in relation to a second, potentially interfering substance present in the 

10 source mixture. Increasing enrichments of the embodiments of this invention are 
increasingly more preferred. Thus, for example, a 2-fold enrichment is preferred, 
10-fold enrichment is more preferred, 100-fold enrichment is more preferred, 
1000-fold enrichment is even more preferred. 

A preparation of rAAV is said to be "substantially free" of helper virus if the 

1 5 ratio of infectious rAAV particles to infectious helper virus particles is at least about 
1 0 2 : 1 ; preferably at least about 10 4 :1, more preferably at least about 10 6 :1; still more 
preferably at least about 1 0 8 : 1 . Preparations are also preferably free of equivalent 
amounts of helper virus proteins (i.e., proteins as would be present as a result of such 
a level of helper virus if the helper virus particle impurities noted above were present 

20 in disrupted form); Viral and/or cellular protein contamination can generally be 
observed as the presence of Coomassie staining bands on SDS gels (e.g. the 
appearance of bands other than those corresponding to the AAV capsid proteins VP1 , 
VP2 and VP3). 

A "host cell" includes an individual cell or cell culture which can be or has 
25 been a recipient for vector(s)- or for incorporation of polynucleotides and/or proteins. 
Host cells include progeny of a single host cell, and the progeny may not necessarily 
be completely identical (in morphology or in genomic of total DNA complement) to 
the original parent cell due to natural, accidental, or deliberate mutation. A host cell 
includes cells transfected in vivo with a polynucleotide(s) of this invention. 
30 By "liver cell" is intended any cell type found in liver organs, including, but 

not limited to parenchyma cells, nonparenchyma cells, endothelial cells, epithelial 
cells, etc. 



13 



Transft 




on" or 



transfection" refers to the i; 




>n of an exogenous 



5 



10 



15 



20 



25 



polynucleotide into a host cell, irrespective of the method used for the insertion, for 
example, lipofection, transduction, infection or electroporation. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, 
or alternatively, may be integrated into the host cell genome. 

An "individual" or "subject" refers to vertebrates, particularly members of a 
mammalian species, and includes, but is not limited to, domestic animals, sports 
animals, rodents and primates, including humans. 

As used herein, "in conjunction with" refers to administration of one treatment 
modality in addition to another treatment modality, such as administration of an 
rAAV as described herein to a subject in addition to the delivery of factor VIII (in 
polypeptide form) to the same subject. As such, "in conjunction with" refers to 
administration of one treatment modality before, during or after delivery of the other 
treatment modality to the subject. 

As used herein, "treatment" is an approach for obtaining beneficial or desired 
clinical results. For purposes of this invention, beneficial or desired clinical results 
include, but are not limited to, alleviation of at least one symptom, diminishment of 
extent of disease, stabilized (i.e., not worsening) state of disease, preventing spread of 
disease, delay or slowing of disease progression, amelioration or palliation of the 
disease state, and remission (whether partial or total), whether detectable or 
undetectable. "Treatment" can also mean prolonging survival as compared to 
expected survival if not receiving treatment. 

A "biological sample" encompasses a variety of sample types obtained from 
an individual and can be used in a diagnostic or monitoring assay. The definition 
encompasses blood and other liquid samples of biological origin, solid tissue samples 
such as a biopsy specimen or tissue cultures or cells derived therefrom, and the 
progeny thereof. The definition also includes samples that have been manipulated in 
any way after their procurement, such as by treatment with reagents, solubilization, or 
enrichment for certain components, such as proteins or polynucleotides. The term 
"biological sample" encompasses a clinical sample, and also includes cells in culture, 
cell supernatants, cell lysates, serum, plasma, biological fluid, and tissue samples. 

"Palliating" a disease means that the extent and/or undesirable clinical 
manifestations of a disease state are lessened and/or time course of the progression is 
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As indicated, spacer DNA may be included within the construct of the 
invention. By "spacer DNA" is intended nonsense DNA that does not encode a 
protein and does not act as a promoter or promoter element. That is, spacer DNA may 
be utilized to provide any spatial requirements for the expression of the factor VIII 
nucleic acid molecule. The size or length of the spacer DNA may vary from a few 
nucleotides to several hundred nucleotides. The length of the spacer DNA will be 
limited by the size of the nucleotide sequence of the factor VIII to be expressed and 
the enhancer element, recognizing the size limitations of the rAAV vector. 

By "titer" is intended the number of infectious viral units per volume of fluid. 

By "high titer rAAV stock" is intended a stock of viral particles as produced 
from a production system, without artificial manipulation. "Without artificial 
manipulation" means that the number of viral particles has not been manipulated by 
pooling, multiple runs, or other concentration means. For purposes of the invention, 
one plate of cells, having about 2xl0 7 cells, will generate approximately 2 to 3xlO M 
particles. These numbers can be scaled up appropriately. Of the number of viral 
particles produced, 1% will be functional virus. That is, 1 in 100 will express the 
factor VIII protein. Thus, approximately 2xl0 9 infectious virus particles in the 
preparation are functional. About 90 - 1 00%, of these express the transgene; 

By "infectious units" is intended the smallest unit that causes a detectable 
effect when placed with a susceptible host. Assays for the determination of infectious 
units are known. For example, in one method used in the invention, virus is replicated 
on reporter cells in the presence of adenovirus and wild type AAV. After replication, 
DNA is obtained from the cells, probed for factor VIII coding sequence. In this 
manner, the number of rAAV in the cells can be determined. 

To measure the total number of particles, cells can be probed with a viral 
nucleotide sequence. In the methods of the invention, the rAAV/factor VIII vector 
comprises about 90 to 99.9%, preferably about 99 to about 99.99% of the total 
particles. Wild type virus accounts for less than .01% of the total particles. Of these 
99.9% of the particles obtained, 1 in 100, or 1% will be functional virus, that is will 
be virus that expresses the B-domain deleted factor VIII transgene. 
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The pres^^vention is based, in part, on the une>^^^d finding that a 
biologically active B-domain deleted factor VIII -encoding nucleotide sequence is 
efficiently packaged in a recombinant AAV (rAAV) vector. Administration of the 
rAAV vector carrying a B-domain deleted human factor VIII (BDD human factor 
5 VIII) under the control of a liver-preferred enhancer element to mice resulted in long- 
term expression (> 14 months) of B-domain deleted human factor VIII by the liver 
and therapeutic levels of B-domain deleted human factor VIII protein (-27% of 
normal) in the plasma of treated animals. Accordingly, the present invention provides 
novel reagents and methods for the treatment of hemophilia A using a rAAV vector 

10 for gene del i very . 

A rAAV vector is an AAV virus particle that carries a heterologous (i.e., 
foreign) gene in its genome. rAAV vectors require at least one of the 145 base 
terminal repeats in cis of the 4679 wild type bases to generate virus. All other viral 
sequences are dispensable and may be supplied in trans (Muzyczka, (1992) Curr. 

15 Topics Microbiol Immunol 158:97). Typically, rAAV vectors will only retain the 
minimal terminal repeat sequences so as to maximize the size of the transgene that 
can be efficiently packaged by the vector. 

As used herein, "infection" or "transduction" of a cell by AAV means that the 
AAV enters the cell to establish a latent or active infection. See, e.g. , Fields et al, 

20 Virology, Volume 2, Chapter 69 (3d ed., Lippincott-Raven Publishers). In 

embodiments of the invention in which the AAV is administered to a subject, it is 
preferred that the AAV integrates into the genome and establishes a latent infection. 
However, such integration is not required for expression of a transgene carried by a 
rAAV vector as the vector can persist stably as an episome in transduced cells. 

25 Except as otherwise indicated, standard methods may be used for the 

construction of rAAV vectors, helper vectors, and cells according to the present 
invention. Such techniques are known to those skilled in the art (see, e.g., Sambrook 
et al (1989) Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Plainview, NY); Aububel et al (1995) Current Protocols in 

30 Molecular Biology (Green Publishing Associates, Inc. and John Wiley & Sons, Inc., 
NY). 
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A. rAAV Vectors Encoding B-domain Deleted Factor VIII. 

The present invention provides a construct encoding a biologically-active B- 
domain deleted factor VIII that can be efficiently packaged, delivered, and expressed 
5 using a rAAV vector. In some embodiments, an AAV ITR comprised in the rAAV 
vector drives expression of the B-domain deleted factor VIII nucleotide sequence 
without an additional promoter. The rAAV vectors of the invention include at least 
one enhancer and at least one promoter to promote expression. rAAV/factor VIII 
vectors according to the present invention may be produced in sufficient titers to 

10 permit administration to cells and subjects for the production of the encoded B- 
domain deleted factor VIII protein or for therapeutic treatment (for veterinary or 
medical uses, e.g., to enhance blood coagulation or to treat hemophilia A). 

These results are unexpected in light of the known packaging limitations of 
AAV vectors. These limitations place constraints on the size of the heterologous 

15 nucleotide sequences and/or expression control elements that may be efficiently 

packaged by the AAV capsid (see, e.g., Russell et al. (1999) Blood 94:864; Chuah et 
al (1998) Critical Review in Oncology/Hematology 25:153). 

The full-length factor VIII gene is 186 kb in length and encodes a 9029 
nucleotide mRNA. A cDNA encoding the full-length factor VIII would greatly 

20 exceed the packaging capacity of rAAV vectors. It has been found that the B domain 
is not necessary for factor VIII function. Deletion of the sequences encoding the B- 
domain produces an approximately 4.4 to 4.6 kb cDNA B-domain deleted factor VIII. 
The art teaches that even this smaller construct could not be efficiently packaged and 
expressed using a rAAV vector because of the challenge of adding adequate 

25 expression control elements (e.g., promoters, enhancers, poly(A) site) for high-level 
expression without exceeding the size limitations for high titer production in AAV 
(Russell etal ((1999) Blood 94:864, at page 868, col. 1, para. 2). 

Accordingly, it was quite surprising that the present inventors achieved an 
efficient packaging of the recombinant vector such that a high titer rAAV/B-domain 

30 deleted human factor VIII stock was achieved. Particularly in view of the fact that the 
rAAV vector used a transgene expression cassette that was 109% of wild-type (5084 
bp). Moreover, this B-domain deleted human factor VIII vector is expressed long- 
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domain deleted human factor VIII protein in plasma of treated animals. 

As indicated the present invention provides rAA V vectors carrying a 
heterologous nucleotide sequence encoding a biologically active B-domain deleted 
factor VIII. The nucleotide sequence encoding the B-domain deleted factor VIII may 
be from any species, including avian and mammalian species. Preferably, the B- 
domain deleted factor VIII is mammalian (e.g., mouse, rat, lagomorph, feline, canine, 
bovine, porcine, ovine, caprine, equine, simian, human, and the like), more preferably 
the B-domain deleted factor VIII is a human B-domain deleted factor VIII. As a 
further alternative, the B-domain deleted factor VIII may an inter-species hybrid, as 
described below. The nucleotide sequences may also be a synthetic sequence. 
Variants and fragments of the B-domain deleted factor VIII sequence are also 
encompassed, so long as they retain factor VIII biological activity. 

The biologically active B-domain deleted factor VIII coding sequences must 
be sufficiently small so that they can be packaged by AAV. It is preferred that the 
size of the B-domain deleted factor VIII transgene construct be about 4.8 kb or 
shorter, more preferably about 4.7 kb or shorter, yet more preferably about 4.6 kb or 
shorter, yet more preferably about 4.5 kb or shorter, still more preferably less than 
about 4.4 kb or shorter. 

Alternatively stated, it is preferred that the B-domain deleted factor VIII 
transgene cassette (Le. 9 including ITRs and other expression control elements) is 
about 5.2 kb or shorter, about 5.1 kb or shorter, about 5.0 kb or shorter, about 4.9 kb 
or shorter, 4.8 kb or shorter, about 4.7 kb or shorter, about 4.5 kb or shorter, or about 
4.4 kb or shorter. The B-domain deleted factor VIII transgene cassette is of a size that 
can be efficiently packaged to produce rAAV stocks. 

The B-domain deleted factor VIII transgene may be truncated and/or deleted 
to achieve the size described above. Any truncation and/or deletion known in the art 
may be employed as long as the expressed B-domain deleted factor VIII protein 
retains sufficient biological activity (e.g., coagulation). By "sufficient biological 
activity", is intended that the B-domain deleted factor VIII possesses enough activity 
to be of use in vitro and/or in vivo. Preferably, the expressed truncated and/or deleted 
B-domain deleted factor VIII retains at least about 25%, about 50%, about 75% ? about 
85%, about 90%, about 95%, about 98%, about 99% or more of the biological activity 
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of the native fac^^III protein. Assays for determining VIII biological 
activity are well known in the art and include those assays described herein. See also 
Praetor and Rapaport (1961) Blood 72:335 for a description of the one-stage clotting 
assay for determining specific activity of factor VIII. Factor VIII activity may also be 
5 measured in a chromogenic assay (Kabi Coatest; Kabi Vitrurus. Stockholm, Sweden). 

In preferred embodiments, the B-domain deleted factor VIII constructs of the 
present invention will contain deletions in the nucleotide sequences encoding the B- 
domain. Nucleotide sequences encoding portions or all of the B-domain can be 
deleted to minimize transgene size. The constructs of the invention may retain some 

10 nucleotide sequences from the B-domain deleted region as a result of the cloning 
strategy employed. The amino acid sequence of one human B-domain deleted factor 
VIII is provided herein in Figure 1 and in SEQ ID NO:2, and is encoded by 
nucleotides 419 to 4835 of the nucleotide sequence shown in this figure and in SEQ 
ID NO: 1 . B-domain-deleted factor VIII mutant has deleted residues 760 through 

15 1639 (factor VIII 760-1639) (Pittman et al (1993) Blood 1 7:2925. Other B-domain 
deleted factor VIII are known in the art and include those encoded by the factor 
VIIIA756-1679 and factor VIIIA761-1639 constructs described by Gnatenko et al. 
(1999) Br. J. Haemotology 104:27, and the factor VIII 746-1639 construct described 
by 111 et al (1997) Blood Coagulation and Fibrinolylsis 5:523. See also U.S. Patent 

20 No. 5,91 0,48 1 , where several B-domain deleted mutants are described. The invention 
further provides a canine construct having the amino acid sequence set forth in Figure 
6 and SEQ ID NO:4. The canine B-domain deleted factor VIII (B-domain deleted- 
canine factor VIII) mutant protein is encoded by nucleotides 428-4790 of the 
nucleotide sequence set forth in Figure 6 (SEQ ID NO:3). This construct also has 

25 residues 760-1 639 deleted from the B-domain. Variants and fragments of the B- 

domain deleted human factor VIII and B-domain deleted canine factor VIII nucleotide 
sequences are also encompassed by the present invention. 

In some embodiments, the expression cassette and/or the nucleotide sequence 
encoding B-domain deleted factor VIII has been modified to increase, for example, 

30 the efficiency of transcription and/or translation of the B-domain deleted factor VIII 
transgene. Such modifications are known in the art and are described, for example, in 
111 et al (1 997) Blood Coagul Fibrinolysis 8(suppl. 2):S23-S30, herein incorporated 
by reference. 
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biologically active B-domain deleted factor VIII is substantially identical to the sequence 
given as about nucleotides 4 1 9 to 4835 of Figure 1 (SEQ ID NO: 1 ) or to the sequence 
given as about nucleotides 428-4790 of Figure 6 (SEQ ID NO:3), and encodes a 
biologically-active or therapeutically effective B-domain deleted factor VIII . This 
definition is intended to include natural allelic variations in the factor VIII gene. B- 
domain deleted factor VIII according to this embodiment may come from any species 
of origin, or may be a hybrid, each as described above. As used herein, nucleotide 
sequences that are "substantially identical" are at least 75%, and more preferably at least 
80%, 85%, 90%, 95%, or even 99% identical or more, that is they share at least 75%, 
and more preferably at least 80%, 85%, 90%, 95%, or even 99% identity or more with 
the disclosed sequences. Sequence identity may be determined by methods described 
elsewhere herein. 

High stringency hybridization conditions which will permit substantially 
identical nucleotide sequences to hybridize are well known in the art. For example,' 
hybridization of homologous nucleotide sequences to the sequence given as about 
nucleotides 419-4835 of the sequence shown in Figure 1 (SEQ ID NO: 1) or to the 
sequence given as about nucleotides 428-4790 of the sequence shown in Figure 6 (SEQ 
ID NO:3) may be carried out in 25% formamide, 5X SSC, 5X Denhardt's solution, with 
1 00 jig/ml of single stranded DNA and 5% dextran sulfate at 42°C for 4, 8, or 12 hours, 
with wash conditions of 25% formamide, 5X SSC, 0.1% SDS at 42°C for 15 minutes, to 
allow hybridization of sequences of about 60% homology. More stringent conditions are 
represented by a wash stringency of 0.3M NaCl, 0.03 M sodium citrate, 0. 1% SDS at 
60° or even 70° C using a standard in situ hybridization assay. See Sambrook et 
a/.(l 989) Molecular Cloning; A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Plainview, NY). 

Those skilled in the art will appreciate that the B-domain deleted factor VIII 
construct may contain other modifications as long as the expressed B-domain deleted 
factor VIII retains sufficient biological activity (as described above). For example, 
the B-domain deleted factor VIII protein may be modified to enhance biological 
activity, extend the half-life of the protein, or reduce antigenic responses in recipients 
being administered the B-domain deleted factor VIII {see, e.g., Kaufman et al (1998) 
Haemophilia 4310, the disclosure of which is incorporated herein in its entirety). As 
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For example, human/porcine hybrids of factor VIII have been described by U.S. 
Patent No. 5,583,209 (the disclosure of which is incorporated herein in its entirety). 
Likewise, domain swaps between factor V and factor VIII have produced hybrids 
with increased half-life and/or biological activity. 

Suitable biologically active variants of a native or naturally occurring protein 
or polypeptide of interest can be fragments, analogues, and derivatives of that 
polypeptide. By "fragment" is intended a polypeptide consisting of only a part of the 
intact polypeptide sequence and structure, and can be a C -terminal deletion or N- 
terminal deletion of the native polypeptide. By "analogue" is intended an analogue of 
either the native polypeptide or of a fragment of the native polypeptide, where the 
analogue comprises a native polypeptide sequence and structure having one or more 
amino acid substitutions, insertions, or deletions. By "derivative" is intended any 
suitable modification of the native protein or polypeptide of interest, of a fragment of 
the native protein or polypeptide, or of their respective analogues, such as 
glycosylation, phosphorylation, or other addition of foreign moieties, so long as the 
desired biological activity of the native protein or polypeptide is retained. Methods for 
making such fragments, analogues, and derivatives are generally available in the art. 

For example, amino acid sequence variants of the protein or polypeptide can 
be prepared by mutations in the cloned DNA sequence encoding the native protein or 
polypeptide of interest. Methods for mutagenesis and nucleotide sequence alterations 
are well known in the art. See, for example, Walker and Gaastra, eds. (1983) 
Techniques in Molecular Biology (MacMillan Publishing Company, New York); 
Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al (1987) Methods 
EnzymoL 154:367-382; Sambrook et al. (1989) Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor, New York); U.S. Patent No. 4,873,192; and the 
references cited therein; herein incorporated by reference. Guidance as to appropriate 
amino acid substitutions that do not affect biological activity of the polypeptide of 
interest may be found in the model of Dayhoff et al (1978) in Atlas of Protein 
Sequence and Structure (Natl. Biomed. Res. Found., Washington, D.C.), herein 
incorporated by reference. Conservative substitutions, such as exchanging one amino 
acid with another having similar properties, may be preferred. Examples of 
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AspoGlu, Lys<=>Arg, AsnoGln, and PheoTrpoTyr. 

In constructing variants of the protein or polypeptide of interest, modifications 
are made such that variants continue to possess the desired activity. Obviously, any 
mutations made in the DNA encoding the variant protein or polypeptide must not 
place the sequence out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure. See EP Patent Application 
Publication No. 75,444. 

Biologically active variants of a protein or polypeptide of interest will 
generally have at least 70%, preferably at least 80%, more preferably about 90% to 
95% or more, and most preferably about 98% or more amino acid sequence identity to 
the amino acid sequence of the reference polypeptide molecule, which serves as the 
basis for comparison. A biologically active variant of a native polypeptide of interest 
may differ from the native polypeptide by as few as 1-15 amino acids, as few as 1-10, 
such as 6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid residue. By 
"sequence identity" is intended the same amino acid residues are found within the 
variant protein or polypeptide and the protein or polypeptide molecule that serves as a 
reference when a specified, contiguous segment of the amino acid sequence of the 
variant is aligned and compared to the amino acid sequence of the reference molecule. 
The percentage sequence identity between two amino acid sequences is calculated by 
determining the number of positions at which the identical amino acid residue occurs 
in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the segment undergoing 
comparison to the reference molecule, and multiplying the result by 100 to yield the 
percentage of sequence identity. 

For purposes of optimal alignment of the two sequences, the contiguous 
segment of the amino acid sequence of the variant may have additional amino acid 
residues or deleted amino acid residues with respect to the amino acid sequence of the 
reference molecule. The contiguous segment used for comparison to the reference 
amino acid sequence will comprise at least twenty (20) contiguous amino acid 
residues, and may be 30, 40, 50, 100, or more residues. Corrections for increased 
sequence identity associated with inclusion of gaps in the variant's amino acid 
sequence can be made by assigning gap penalties. Methods of sequence alignment are 
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encoding amino acid sequences. 

Thus, the determination of percent identity between any two sequences can be 
accomplished using a mathematical algorithm. One preferred, non-limiting example 
5 of a mathematical algorithm utilized for the comparison of sequences is the algorithm 
of Myers and Miller ( 1 988) CABIOS 4:11-17. Such an algorithm is utilized in the 
ALIGN program (version 2.0), which is part of the GCG sequence alignment software 
package. A PAM120 weight residue table, a gap length penalty of 12, and a gap 
penalty of 4 can be used with the ALIGN program when comparing amino acid 

10 sequences. Another preferred, nonlimiting example of a mathematical algorithm for 
use in comparing two sequences is the algorithm of Karlin and Altschul (1990) Proc. 
Natl. Acad. Sci. USA 87:2264, modified as in Karlin and Altschul (1993) Proc. Natl 
Acad. Set. USA 90:5873-5877. Such an algorithm is incorporated into the NBLAST 
and XBLAST programs of Altschul et al (1990) J. Mol Biol 215:403. BLAST 

15 nucleotide searches can be performed with the NBLAST program, score = 100, 

wordlength = 12, to obtain nucleotide sequences homologous to a nucleotide sequence 
encoding the polypeptide of interest. BLAST protein searches can be performed with 
the XBLAST program, score = 50, wordlength = 3, to obtain amino acid sequences 
homologous to the polypeptide of interest. To obtain gapped alignments for 

20 comparison purposes, Gapped BLAST can be utilized as described in Altschul et al 
(1997) Nucleic Acids Res. 25:3389. Alternatively, PSI-Blast can be used to perform 
an iterated search that detects distant relationships between molecules. See Altschul 
et al (1997) supra. When utilizing BLAST, Gapped BLAST, and PSI-Blast 
programs, the default parameters of the respective programs (e.g., XBLAST and 

25 NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. Also see the ALIGN 
program (Dayhoff (1978) in Atlas of Protein Sequence and Structure 5:Suppl. 3 
(National Biomedical Research Foundation, Washington, D.C.) and programs in the 
Wisconsin Sequence Analysis Package, Version 8 (available from Genetics Computer 
Group, Madison, Wisconsin), for example, the GAP program, where default 

30 parameters of the programs are utilized. 

When considering percentage of amino acid sequence identity, some amino 
acid residue positions may differ as a result of conservative amino acid substitutions, 
which do not affect properties of protein function. In these instances, percent 
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conservatively substituted amino acids. Such adjustments are well known in the art. 
See, for example, Myers and Miller (1988) Computer Applic. Biol Sci. 4:1 1-17. 

Those skilled in the art will appreciate that a variety of expression control 
elements (e.g., promoter and/or transcription factor binding sites and/or enhancers) 
may be operably linked with the heterologous nucleotide sequence encoding the B- 
domain deleted factor VIII depending on the level and tissue-preferred expression 
desired. As noted above, generally, the expression control element will comprise at 
least one enhancer element. However, it is recognized that a promoter or promoter 
element may also be included in the cassette. 

Selection of promoters or promoter elements is based in part on size. Small or 
minimal promoters may be preferred due to the packaging size constraints imposed by 
the AAV vector. 

A variety of promoters may be used in the rAAV vectors of the invention^ 
provided the size constraints noted above are met. These include, but are not limited 
to, the herpes simplex virus thymidine kinase or thymidylate synthase promoters 
(Merrill (1989) />roc. Natl Acad Sci. USA 5(5:4987, Deng et al (1989) Mol Cell 
Biol 9:4079), the hepatitis B virus core promoter (see, for example, Kramvis and 
Kew (1999) J. Viral Hepat. 6:415-427), the human Ul snRNA promoter (see, for 
example, Asselbergs and Pronk (1993) Mol Biol Rep. 17:101-1 14), the mouse 
minimal albumin promoter with proximal elements (see, for example Pinkert et al 
(1987) Genes Dev. 1:268-276), the promoters described in the PCT publication 
WO09920773 (herein incorporated by reference), the minimal cytomegalovirus major 
immediate early promoter, the early and late SV40 promoters, the adenovirus major 
late promoter, the alpha- or beta-interferon promoters, event or tissue preferred 
promoters, etc. Promoters may be chosen so as to potently drive expression or to 
produce relatively weak expression, as desired. 

In one embodiment, rAAV vectors of the invention comprise B-domain 
deleted factor VIII coding sequences under the transcriptional control of a liver- 
preferred enhancer element, and an event-specific promoter, such that upon activation 
of the event-specific promoter the gene of interest encoded by the B-domain deleted 
factor VIII nucleic acid molecule is expressed. As used herein, an "event-specific 
promoter" is a promoter that is activated upon under certain cellular conditions. 
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Numerous event-^^ific promoters may be utilized withii^^context of the present 
invention, including, without limitation, promoters which are activated by cellular 
proliferation (or are otherwise cell-cycle dependent) such as the thymidine kinase or 
thymidylate synthase promoters, or the transferrin receptor promoter, which will be 
5 transcriptionally active primarily in rapidly proliferating cells (such as hematopoietic 
cells) that contain factors capable of activating transcription from these promoters 
preferentially to express and secrete B-domain deleted factor VIII into the blood 
stream; promoters such as the alpha- or beta-interferon promoters, which are activated 
when a cell is infected by a virus (Fan and Maniatis {\9%9) EMBO J. 5:101; 

10 Goodbourn et al (1986>CW/ 45:601); and promoters that are activated by the 

presence of hormones, e.g., estrogen response promoters. See Toohey et al. (1986) 
Mol Cell Biol 6:4526. 

In another embodiment, rAAV vectors of the invention comprise the B- 
domain deleted factor VIII gene under the transcriptional control of a liver-preferred 

1 5 enhancer and a liver-preferred promoter, such that upon activation of the liver- 
preferred promoter, the B-domain deleted factor VIII gene is expressed. 
Representative examples of such liver-preferred promoters include, but are not limited 
to Phospho-Enol-Pyruvate Carboxy-Kinase ("PEPCK") (Hatzoglou et al (1988) J. 
Biol Chem. 2(55:17798; Benvenisty et al (1989) /Voc. Natl Acad ScL USA 5(5:1118; 

20 Vaulont et al (1989) Mol Cell Biol (5:4409), the alcohol dehydrogenase promoter 
(Felder (1989) Proc. Natl Acad Set USA 86:5903% and the albumin promoter and 
the alphafetoprotein promoter (Feuerman et al (1989) Mol Cell Biol 9:4204; 
Camper and Tilghman (1989) Genes Develop. 3:537). 

The present invention also encompasses embodiments in which the rAAV 

25 vectors contain promoter elements that are binding sites for specific transcription 

factors These promoter elements are referred to herein as "transcription factor binding 
sites." The transcription factors that bind these sites may be ubiquitous or tissue- 
preferred. Non-limiting examples of binding sites for ubiquitous transcription factors 
include the TATA box (TATAAAA), which binds TFIID; the CAAT box 

30 (GGCCAATCT), which binds CTF/NF; the GC box (GGGCGG), which binds SP1 , 
and the ATF box (GTGACGT), which binds ATF. Non-limiting examples of tissue- 
preferred transcription factor binding sites include the liver-preferred CAAT box 
binding sites for C/EBP proteins (optimal palindrome GATTGCGCAATC; set forth 
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in SEQ ID NO:4^e binding sites for HNF1, HNF3, an<^ta (see, for example, 
Costa and Grayson (1991) Nucleci Acids Res. 19:4139-4145); and the binding site for 
TGT3 (see, for example, Chiang etal (1992) Biochim. Biophys. ^cra 1132:337-339). 
In some embodiments of the invention, the expression control element 
5 comprises an enhancer for liver-preferred expression of the transgene. Non-limiting 
examples of such enhancers encompassed by the present invention include the al 
microglobulin/bikunin enhancer (see, for example, Rouet et al (1992) J. Biol Chem, 
267:20765029773), the hepatitis B virus Enhl (e.g. nucleotides 150-278 of Figure 1 or 
SEQIDNO:l andGuoe/a/. (1991)J. Virol 65:6686-6692) and Enhll (Gustin al 
10 (1993) Virology 193(2):653-60) enhancers, the human albumin Ei. 7 and E 6 enhancers 
(Hayashi et al (1992) J. Biol Chem, 267:14580-14585), and the human 
cytomegalovirus immediate early gene enhancer (Boshart et al (1985) Cell 41:521- 
530). 

While any expression control* element(s) known in the art may be employed, 
1 5 those skilled in the art will understand that the expression control element(s) 

employed will preferably comply with the size constraints described for AAV vectors. 

In addition, the rAAV vectors of the invention may contain polyadenylation 
signals operably linked with the heterologous nucleic acid sequence(s) to be delivered 
to the target cell These polyadenylation sequences preferably conform to the size 
20 limitations described above. Preferred polyadenylation comprise less than about 100 
bp. In one embodiment, the poladenylation signal is a synthetic polyadenylation 
signal (see, for example WO09920773, herein incorporated by reference), 

In one embodiment of the invention, the B-domain deleted factor VIII 
transgene cassette is as shown in Figure 1 (SEQ ID NO:l). This construct includes 
25 the left and right AAV terminal repeats and, in the 5* to 3' direction, the hepatitis B 
virus Enhl enhancer (nt 150-278), spacer sequence (nt 279-399), a B-domain deleted 
human factor VIII coding region (nt 419-4835), and the TK polyadeny ration sequence 
(nt 4840-4914). 

30 B. Methods of Producing rAAV Stocks. 

There are at least three desirable features of an rAAV virus preparation for use 
in gene transfer. First, it is preferred that the rAAV virus should be generated at titers 
sufficiently high to transduce an effective proportion of cells in the target tissue. A 
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For example, some treatments may require in excess of about 10 particles, about 10 9 
particles, about 10 10 particles, about 10 n particles, about 10 12 particles, about 10 13 
particles, about 10 14 particles, about 10 15 particles. Second, it is preferred that the 
rAAV virus preparations should be essentially free of replication-competent AAV 
{le. 9 phenotypically wild-type AAV which can be replicated in the presence of helper 
virus or helper virus functions). Third, it is preferred that the rAAV virus preparation 
as a whole be essentially free of other viruses (such as a helper virus used in AAV 
production) as well as helper virus and cellular proteins, and other components such 
as lipids and carbohydrates, so as to minimize or eliminate any risk of generating an 
immune response in the context of gene transfer. This latter point is especially 
significant in the context of AAV because AAV is a "helper-dependent" virus that 
requires co-infection with a helper virus (typically adenovirus) or other provision of 
helper virus functions in order to be effectively replicated and packaged during the 
process of AAV production; and, moreover, as described above, adenovirus has been 
observed to generate a host immune response in the context of gene transfer 
applications (see, e.g., Le et al (1997); Byrnes et al (1995) Neuroscience 66:1015; 
McCoy et al (1995) Human Gene Therapy 6:1553; and Barr et al (1995) Gene 
Therapy 2:151). 

In order to replicate and package the rAAV vector, the missing functions are 
complemented with a packaging gene, or a plurality thereof, which together encode 
the necessary functions for the various missing rep and/or cap gene products. The 
packaging genes or gene cassettes are preferably not flanked by AAV ITRs and 
preferably do not share any substantial homology with the rAAV genome. 

The rAAV vector construct and complementary packaging gene constructs can 
be implemented in this invention in a number of different forms. Viral particles, 
plasmids, and stably transformed host cells can all be used to introduce such 
constructs into the packaging cell, either transiently or stably. 

A variety of different genetically altered cells can thus be used in the context 
of this invention. By way of illustration, a mammalian host cell may be used with at 
least one intact copy of a stably integrated rAAV vector. An AAV packaging plasmid 
comprising at least an AAV rep gene operably linked to a promoter can be used to 
supply replication functions (as described in U.S. Patent 5,658,776). Alternatively, a 
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be used to supply replication functions (see, e.g., Trempe et al., U.S. Patent 
5,837,484; Burstein et al., WO 98/27207; and Johnson et al., U.S. Patent 5,658,785). 
The AAV cap gene, providing the encapsidation proteins as described above, can be 
5 provided together with an AAV rep gene or separately (see, e.g., the above-referenced 
applications and patents as well as Allen et al. (WO 96/1 7947). Other combinations 
are possible. 

As is described in the art, and illustrated in the references cited above and in 
Examples below, genetic material can be introduced into cells (such as mammalian 

1 0 "producer" cells for the production of rA AV) using any of a variety of means to 

transform or transduce such cells. By way of illustration, such techniques include, but 
are not limited to, transfection with bacterial plasmids, infection with viral vectors, 
electroporation, calcium phosphate precipitation, and introduction using any of a 
variety of lipid-based compositions (a process often referred to as "lipofection"). 

1 5 Methods and compositions for performing these techniques have been described in 
the art and are widely available. 

Selection of suitably altered cells may be conducted by any technique in the 
art. For example, the polynucleotide sequences used to alter the cell may be 
introduced simultaneously with or operably linked to one or more detectable or 

20 selectable markers as is known in the art. By way of illustration, one can employ a 
drug resistance gene as a selectable marker. Drug resistant cells can then be picked 
and grown, and then tested for expression of the desired sequence (i.e., a product of 
the heterologous polynucleotide). Testing for acquisition, localization and/or 
maintenance of an introduced polynucleotide can be performed using DNA 

25 hybridization-based techniques (such as Southern blotting and other procedures as 
known in the art). Testing for expression can be readily performed by Northern 
analysis of RNA extracted from the genetically altered cells, or by indirect 
immunofluorescence for the corresponding gene product. Testing and confirmation 
of packaging capabilities and efficiencies can be obtained by introducing to the cell 

30 the remaining functional components of AAV and a helper virus, to test for 

production of AAV particles. Where a cell is inheritably altered with a plurality of 
polynucleotide constructs, it is generally more convenient (though not essential) to 
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introduce them cell separately, and validate each st^^riatim. References 
describing such techniques include those cited herein. 

In one approach to packaging rAAV vectors in an AAV particle, the rAAV 
vector sequence (i.e., the sequence flanked by AAV ITRs), and the AAV packaging 
5 genes to be provided in trans, are introduced into the host cell in separate bacterial 
plasmids. Examples of this approach are described in Ratschin et al (1 984) Mol 
Cell. Biol 4:2072; Hermonat et a/.(1984) Proc. Natl Acad Set USA £1:6466; 
Tratschin et al (1985) Mol Cell Biol 5:3251; McLaughlin et al (988>7. Virol 
62:1963; Lebkowski et al (188) Mol Cell Biol 7:349; Samulski et al (989) J. Virol 

10 65:3822-3828; and Flotte et al (1992) Am. J. Respir. Cell Mol Biol 7:349. 

A second approach is to provide either the rAAV vector sequence, or the AAV 
packaging genes, in the form of an episomal plasmid in a mammalian cell used for 
AAV replication. See, for example, U.S. Patent 5,173,414. 

A third approach is to provide either the rAAV vector sequence or the AAV 

1 5 packaging genes, or both, stably integrated into the genome of the mammalian cell 
used for replication. 

One exemplary technique of this third approach is outlined in international 
patent application WO 95/13365 (Targeted Genetics Corporation and Johns Hopkins 
University) and corresponding U.S. Patent No. 5,658,776 (by Flotte et al.). This 

20 example uses a mammalian cell with at least one intact copy of a stably integrated 

rAAV vector, wherein the vector comprises an AAV ITR and a transcription promoter 
operably linked to a target polynucleotide, but wherein the expression of rep is 
limiting in the cell. In a preferred embodiment, an AAV packaging plasmid 
comprising the rep gene operably linked to a heterologous promoter is introduced into 

25 the cell, and then the cell is incubated under conditions that allow replication and 
packaging of the rAAV vector sequence into particles. 

Another approach is outlined in Trempe et al., U.S. Patent 5,837,484. This 
example uses a stable mammalian cell line with an AAV rep gene operably linked to 
a heterologous promoter so as to be capable of expressing fiinctional Rep protein. In 

30 various preferred embodiments, the AAV cap gene can be provided stably as well or 
can be introduced transiently (e.g. on a plasmid). An rAAV vector can also be 
introduced stably or transiently. 
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Another ^^bach is outlined in patent application^^ 96/1 7947 (Targeted 
Genetics Corporation). This example uses a mammalian cell which comprises a 
stably integrated AAV cap gene, and a stably integrated AAV rep gene operably 
linked to a helper virus-inducible heterologous promoter. A plasmid comprising the 
5 rAAV vector sequence is also introduced into the cells (either stably or transiently). 
The packaging of rAAV vector into particles is then initiated by introduction of the 
helper virus. 

Methods for achieving high titers of rAAV virus preparations that are 
substantially free of contaminating virus and/or viral or cellular proteins are outlined 

10 by Atkinson et al. in WO 99/1 1764. Techniques described therein can be employed 
for the large-scale production of rAAV viral particle preparations. 

These various examples address the issue of producing rAAV viral particles at 
sufficiently high titer, minimizing recombination between rAAV vector and 
sequences encoding packaging components, reducing or avoiding the potential 

1 5 difficulties associated with the expression of the AAV rep gene in mammalian cell 
line (since the Rep proteins can not only limit their own expression but can also affect 
cellular metabolism) and producing rAAV virus preparations that are substantially 
free of contaminating virus and/or viral or cellular protein. 

Packaging of an AAV vector into viral particles relies on the presence of a 

20 suitable helper virus for AAV or the provision of helper virus functions. Helper 
viruses capable of supporting AAV replication are exemplified by adenovirus, but 
include other viruses such as herpes viruses (including, but not limited to, HSV1, 
cytomegalovirus and HHV-6) and pox virus (particularly vaccinia). Any such virus 
may be used. 

25 Frequently, the helper virus will be an adenovirus of a type and subgroup that 

can infect the intended host cell. Human adenovirus of subgroup C, particularly 
serotypes 1, 2, 3, 4, 5, 6, and 7, are commonly used. Serotype 5 is generally 
preferred. 

The features and growth patterns of adenovirus are known in the art. See, for 
30 example, Horowitz, "Adenoviridae and their replication", pp 77 1 -8 1 6 in 

"Fundamental Virology", Fields et al., eds. The packaged adenovirus genome is a 
linear DNA molecule, linked through adenovirus ITRs at the left- and right-hand 
termini through a terminal protein complex to form a circle. Control and encoding 
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regions for early,^^hnediate, and late components overl^^^thin the genome. 
Early region genes are implicated in replication of the adenovirus genome, and are 
grouped depending on their location into the El, E2, E3, and E4 regions. 

Although not essential, in principle it is desirable that the helper virus strain be 
5 defective for replication in the subject ultimately to receive the genetic therapy. Thus, 
any residual helper virus present in an rAAV virus preparation will be replication- 
incompetent. Adenoviruses from which the El A or both the El A and the E3 region 
have been removed are not infectious for most human cells. They can be replicated in 
a permissive cell line (e.g., the human 293 cell line) which is capable of 
10 complementing the missing activity. Regions of adenovirus that appear to be 

associated with helper function, as well as regions that do not, have been identified 
and described in the art (see, e.g., P. Colosi et al., W097/17458, and references cited 
therein). 

For example, as described in Atkinson et al. (WO 99/1 1764), a "conditionally- 

15 sensitive" helper virus can also be employed to provide helper virus activity. Such a 
helper virus strain must minimally have the property of being able to support AAV 
replication in a host cell under at least one set of conditions where it itself does not 
undergo efficient genomic replication. Where helper virus activity is supplied as 
intact virus particles, it is also generally necessary that the virus be capable of 

20 replication in a host cell under a second set of conditions. The first set of conditions 
will differ from the second set of conditions by a readily controllable feature, such as 
the presence or absence of a required cofactor (such as a cation), the presence or 
absence of an inhibitory drug, or a shift in an environmental condition such as 
temperature. Most conveniently, the difference between the two conditions is 

25 temperature, and such a conditionally-sensitive virus is thus referred to as a 
temperature-sensitive helper virus. 

Helper virus may be prepared in any cell that is permissive for viral 
replication. For adenovirus, preferred cells include 293 cells and HeLa cells. It is 
preferable to employ culture techniques that permit an increase in seeding density. 

30 293 cells and HeLa cell variants are available that have been adapted to suspension 
culture. HeLa is preferable for reasons of cell growth, viability and morphology in 
suspension. These cells can be grown at sufficient density (2 x 10 6 per ml) to make 
up for the lower replication rate of the temperature-sensitive adenovirus strain. Once 
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established, cell^^ infected with the virus and cultured permissive 
temperature for a sufficient period; generally 3-7 days and typically about 5 days. 

Examples of methods useful for helper virus preparation, isolation and 
concentration can be found in Atkinson et al. (WO 99/1 1764). 
5 Several criteria influence selection of cells for use in producing rAAV 

particles as described herein. As an initial matter, the cell must be permissive for 
replication and packaging of the rAAV vector when using the selected helper virus. 
However, since most mammalian cells can be productively infected by AAV, and 
many can also be infected by helper viruses such as adenovirus, it is clear that a large 

10 variety of mammalian ceils and cell lines effectively satisfy these criteria. Among 
these, the more preferred cells and cell lines are those that can be easily grown in 
culture so as to facilitate large-scale production of rAAV virus preparations. Again, 
however, many such cells effectively satisfy this criterion. Where large-scale 
production is desired, the choice of production method will also influence the 

15 selection of the host cell. For example, as described in more detail in Atkinson et al. 
(WO 99/1 1764) and in the art, some production techniques and culture vessels or 
chambers are designed for growth of adherent or attached cells, whereas others are 
designed for growth of cells in suspension. In the latter case, the host cell would thus 
preferably be adapted or adaptable to growth in suspension. However, even in the 

20 case of cells and cell lines that are regarded as adherent or anchorage-dependent, it is 
possible to derive suspension-adapted variants of an anchorage-dependent parental 
line by serially selecting for cells capable of growth in suspension. See, for example, 
Atkinson et al. (WO 99/1 1764). 

Ultimately, the helper virus, the rAAV vector sequence, and all AAV 

25 sequences needed for replication and packaging must be present in the same cell. 

Where one or more AAV packaging genes are provided separately from the vector, a 
host cell is provided that comprises: (i) one or more AAV packaging genes, wherein 
each said AAV packaging gene encodes an AAV replication or encapsidation protein; 
(ii/a heterologous polynucleotide introduced into said host cell using an rAAV 

30 vector, wherein said rAAV vector comprises said heterologous polynucleotide flanked 
by at least one AAV ITR and is deficient in said AAV packaging gene(s); and (iii) a 
helper virus or sequences encoding the requisite helper virus fxinctions. It should be 
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noted, however, ^^one or more of these elements may b^^nbined on a single 
replicon. 

The helper virus is preferably introduced into the cell culture at a level 
sufficient to infect most of the cells in culture, but can otherwise be kept to a 
5 minimum in order to limit the amount of helper virus present in the resulting 

preparation. A multiplicity of infection or "MOI" of 1 -100 may be used, but an MOI 
of 5-10 is typically adequate. 

Similarly, if the rAAV vector and/or packaging genes are transiently 
introduced into the packaging cell (as opposed to being stably introduced), they are 
1 0 preferably introduced at a level sufficient to genetically alter most of the cells in 
culture. Amounts generally required are of the order of 10 \ig per 1 0 6 cells, if 
supplied as a bacterial plasmid; or 10 8 particles per 10 5 cells, if supplied as an AAV 
particle. Determination of an optimal amount is an exercise of routine titration that is 
within the ordinary skill of the artisan. 
15 These elements can be introduced into the cell, either simultaneously, or 

sequentially in any order. Where the cell is inheritably altered by any of the elements, 
the cell can be selected and allowed to proliferate before introducing the next element. 

In one preferred example, the helper virus is introduced last into the cell to rescue 
and package a resident rAAV vector. The cell will generally already be supplemented to 
20 the extent necessary with AAV packaging genes. Preferably, either the rAAV vector or 
the packaging genes, and more preferably both are stably integrated into the cell. It is 
readily appreciated that other combinations are possible. Such combinations are 
included within the scope of the invention. 

Once the host cell is provided with the requisite elements, the cell is cultured 
25 under conditions that are permissive for the replication AAV, to allow replication and 
packaging of the rAAV vector. Culture time is preferably adjusted to correspond to 
peak production levels, and is typically 3-6 days. rAAV particles are then collected, and 
isolated from the cells used to prepare them. 

Optionally, rAAV virus preparations can be further processed to enrich for 
30 rAAV particles, deplete helper virus particles, or otherwise render them suitable for 
administration to a subject. See Atkinson et al. for exemplary techniques (WO 
99/1 1764). Purification techniques can include isopynic gradient centrifugation, and 
chromatographic techniques. Reduction of infectious helper virus activity can include 
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inactivation by h^^eatment or by pH treatment as is knd^^n the art. Other 
processes can include concentration, filtration, diafiltration, or mixing with a suitable 
buffer or pharmaceutical excipient. Preparations can be divided into unit dose and 
multi dose aliquots for distribution, which will retain the essential characteristics of the 
5 batch, such as the homogeneity of antigenic and genetic content, and the relative 
proportion of contaminating helper virus. 

Various methods for the determination of the infectious titer of a viral 
preparation are known in the art. For example, one method for titer determination is a 
high-throughput titering assay as provided by Atkinson et al. (WO 99/1 1764). Virus 

10 titers determined by this rapid and quantitative method closely correspond to the titers 
determined by more classical techniques. In addition, however, this high-throughput 
method allows for the concurrent processing and analysis of many viral replication 
reactions and thus has many others uses, including for example the screening of cell 
lines permissive or non-permissive for viral replication and infectivity. 

15 A preferred method for providing helper functions through infectious 

adenovirus employs a non-infectious adenovirus miniplasmid that carries all of the 
helper genes required for efficient AAV production (Ferrari et al (1997) Nature Med 
5:1295; Xiao et al (1998) J. Virology 72:2224); The rAAV titers obtained with 
adenovirus miniplasmids are forty-fold higher than those obtained with conventional 

20 methods of wild-type adenovirus infection (Xiao et al (1998)\7. Virology 72:2224). 
This approach obviates the need to perform co-transfections with adenovirus 
(Holscher etal (1994)7. Virology 68: 71 69; Clark et al (1995) Hum. Gene Ther. 
(5:1329; Trempe and Yang (1993), in, Fifth Parvovirus Workshop (Crystal River, FL). 
Other methods of producing rAAV stocks have been described, including but 

25 not limited to, methods that split the rep and cap genes onto separate expression 

cassettes to prevent the generation of replication-competent AAV (Allen et al (1997) 
j. Virol 77:6816), and methods employing packaging cell lines (Gao et al (1998) 
Human Gene Therapy 9:2153; Inoue et al (1998) J. Virol 72:7024). 

The present invention provides methods of producing a high titer rAAV vector 

30 stocks carrying the B-domain deleted factor VIII transgenes and B-domain deleted 
factor VIII expression cassettes of the invention. These results are surprising as prior 
attempts to produce rAAV/factor VIII have failed to generate adequate titers of virus 
for in vivo administration. 
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The invei^^methods of producing high titer rAA^^-domain deleted factor 
VIII stock involves infecting a packaging cell with a rAAV vector carrying a 
heterologous nucleotide sequence encoding a B-dornain deleted factor VIII, as 
described above. The rAAV vector is replicated and packaged by the packaging cell, 
5 and the rAAV particles are collected to form an AAV stock. This stock has a titer of 
at least about 10 4 , about 10 5 , about 10 6 , about 10 7 , about 10 8 , about 10 9 , about 10 10 , 
about 10 n , about 10 12 , or about 10 13 particles per milliter. 

Preferred packaging cells for producing rAAV stocks are known in the art and 
include packaging cells for producing rAAV by methods involving adenovirus helper 
10 virus or adenovirus miniplasmids, including but not limited to, 293 cells (see, e.g., 
Samulski et al (1989)7. Virology 55:3822; Ferrari*/ al (1997) Nature Med 3:1295; 
Xiao et al (1998)7. Virology 72:2224). Other rAAV packaging cells include those 
described by Gao et al. (1998) Human Gene Therapy 9:2353 and Inoue et al (1998) 
J. Virol 72:7024. 

15 

C. Gene Transfer Technology. 

The methods of the present invention provide a means for delivering 
heterologous nucleotide sequences into a broad range of host cells, including dividing 
and non-dividing cells both in vitro (e.g., to produce factor VIII protein or for ex vivo 

20 gene therapy) and in vivo. The vectors, methods, and pharmaceutical formulations of 
the present invention are additionally useful in a method of administering a protein or 
peptide to a subject in need thereof, or a method of treatment or otherwise. In this 
manner, the protein or peptide may thus be produced in vivo in the subject. The 
subject may be in need of the protein or peptide because the subject has a deficiency 

25 of the protein or peptide, or because the production of the protein or peptide in the 
subject may impart some therapeutic effect, as a method of treatment or otherwise, 
and as explained further below. 

In general, the present invention can be employed to deliver any heterologous 
nucleotide sequence encoding a biologically-active B-domain deleted factor VIII that 

30 can be packaged by a rAAV vector, as described above. The heterologous nucleotide 
sequence encoding the B-domain deleted factor VIII gene may be administered to a 
subject to achieve a therapeutic effect. For example, the heterologous nucleotide 
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sequence encol^the B-domain deleted factor VIII ma^ administered to enhance 
{e.g., improve, increase, augment) blood coagulation. 



D. Subjects, Pharmaceutical Formulations, Vaccines and Modes of 
5 Administration. 

The present invention finds use in veterinary and medical applications. 
Suitable subjects include both avians and mammals, with mammals being preferred. 
The term "avian" as used herein includes, but is not limited to, chickens, ducks, geese, 
quail, turkeys and pheasants. The term "mammal" as used herein includes, but is not 
10 limited to, humans, bovines, ovines, caprines, equines, felines, canines, lagomorphs, 
etc. Human subjects are most preferred. Human subjects include neonates, infants, 
juveniles, and adults. 

In particular embodiments, the-present invention provides a pharmaceutical 
composition comprising a rAAV particle of the invention in a pharmaceutically 
15 acceptable carrier or other medicinal agents, pharmaceutical agents, carriers, 

adjuvants, diluents, etc. For injection, the carrier will typically be a liquid. For other 
methods of administration, the carrier may be either solid or liquid, such as sterile, 
pyrogen-free water or sterile pyrogen-free phosphate-buffered saline solution. For 
, inhalation administration, the carrier will be respirabte, and will preferably be in solid : 
20 . or liquid particulate form. As an injection medium, it is preferred to use water that 
contains the additives usual for injection solutions, such as stabilizing agents, salts or 
saline, and/or buffers. 

By "pharmaceutically acceptable" is intended a material that is not 
biologically or otherwise undesirable, i.e., the material may be administered to a 
25 subject along with the viral vector without causing any undesirable biological effects. 
Thus, such a pharmaceutical composition can be used, for example, in transfection of 
a cell ex vivo or in administering a viral particle directly to a subject. 

The present invention further provides^ method of delivering a heterologous 
nucleotide sequence encoding B-domain deleted factor VIII to a cell. For in vitro 
30 methods, the virus can be administered to the cell by standard viral transduction 

methods, as are known in the art. Preferably, the virus particles are added to the cells 
at the appropriate multiplicity of infection according to standard transduction methods 
appropriate for the particular target cells. Titers of virus to administer can vary, 
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depending upo^)) target cell type and the particular vii^fector, and can be 

determined by those of skill in the art without undue experimentation. Alternatively, 
administration of a rAAV vector of the present invention can be accomplished by any 
other means known in the art. 
5 The cell to be administered the inventive virus vector can be of any type, 

including but not limited to neural cells (including cells of the peripheral and central 
nervous systems, in particular, brain cells), retinal cells, epithelial cells (e.g., gut and 
respiratory), muscle cells, pancreatic cells (including islet cells), hepatic cells, 
myocardial cells, bone cells (e.g., bone marrow stem cells), hematopoietic stem cells, 

10 spleen cells, fibroblasts, endothelial cells, germ cells, and the like. Moreover, the 
cells can be from any species of origin, as indicated above. 

In particular embodiments of the invention, cells are removed from a subject, 
the rAAV vector is introduced therein, and the cells are then replaced back into the 
subject. Methods of removing cells from a subject for treatment ex vivo, followed by 

1 5 introduction back into the subject are known in the art. Alternatively, the rAAV 
vector is introduced into cells from another subject or from cultured cells to express 
the B-domain deleted factor VIII therein, and the cells are administered to a subject in 
need of factor VIII therapy. Suitable cells for ex vivo gene therapy include, but are 
not limited to, liver cells, neural cells (including cells of the central and peripheral 

20 nervous systems, in particular, brain cells), pancreas cells, spleen cells, fibroblasts 
(e.g., skin fibroblasts), keratinocytes, endothelial cells, epithelial cells, myoblasts, 
hematopoietic stem cells, and bone marrow stromal cells. 

A further aspect of the invention is a method of treating subjects in vivo with 
the inventive virus particles. Administration of the rAAV particles of the present 

25 invention to a human subject or an animal in need thereof can be by any means known 
in the art for administering virus vectors. A "therapeutically effective" amount as 
used herein is an amount of the rAAV/B-domain deleted factor VIII vector that is 
sufficient to alleviate (e.g., mitigate, decrease, reduce) at least one of the symptoms 
associated with factor VIII deficiency (e.g., blood coagulation). It is not necessary 

30 that the administration of the B-domain deleted factor VIII eliminate the symptoms of 
Factor VIII deficiency, as long as the benefits outweigh the detriments of B-domain 
deleted factor VIII administration. 
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The noil^range of factor VIII in human plasma^K[>proximately 100 - 200 

ng/ml. Normal blood clotting is seen with plasma factor VIII levels that are as low as 
5% of normal. Therapeutic effects may be observed with as little as 1% of normal 
plasma factor VIII levels (Nilsson et al. (1992) J. Int. Med. 232:25-32; Lofgvist et al 
5 (1997) J. Int. Med. 241:395-400; Petrini et al (1991) Am. J. Ped. Hem. 0*c.l3:28O- 
287; and Hematology-Principles and Practice, 3rd ed. (2000) Hoffinan, R; ed., pages 
1 884-1 885). Administration of a rAAV/B-domain deleted factor VIII vector of the 
invention to a subject preferably results in plasma factor VIII levels that are at least 
about 1% of normal, more preferably at least about 5% of normal, still more 

10 preferably at least about 10% of normal, yet more preferably at least about 20% of 
normal, still yet more preferably at least about 25% of normal factor VIII levels. 

In particularly preferred embodiments of the invention, the nucleotide 
sequence of interest is delivered to the liver of the subject. Administration to the liver 
can be achieved by any method known in the art, including, but not limited to 

1 5 intravenous administration, intraportal administration, intrabiliary administration, 
intra-arterial administration, and direct injection into the liver parenchyma. 

Accordingly, a further aspect of the present invention is a method of treating a 
subject with factor VIII deficiency, including hemophilia A. As used herein, a factor 
VIII deficiency may be due to a defective protein or lack of protein. Preferably, the 

20 subject is a human subject. According to this method, the subject is administered n an 
amount of a rAAV/factor Vm vector sufficient to produce a biologically effective 
amount of factor VIII to one or more tissues. Preferably, the tissue is brain, pancreas, 
spleen, liver, reticulum endothelial system (RES), lymphoid, or muscle, or bone 
marrow/stromal cells, most preferably, the liver. 

25 In preferred embodiments, the rAAV vector is administered to the liver. 

Preferably, the cells (e.g., liver cells) are infected by the rAAV/B-domain deleted 
factor VIII vector, express the B-domain deleted factor VIII protein, and secrete the 
protein into the circulatory system in a therapeutically effective amount as defined 
above. It is not necessary that the symptoms of factor VIII deficiency be eliminated, 

30 as long as the benefits outweigh the detriments of administering the factor VIII. 

Exemplary modes of administration include oral, rectal, transmucosal, topical, 
transdermal, inhalation, parenteral (e.g., intravenous, subcutaneous, intradermal, 
intramuscular, and intraarticular) administration, and the like, as well as direct tissue 
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or organ injecti^fcl tentatively, intratrahecal, direct intr^lcular, intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injections. Injectables can be 
prepared in conventional forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, or as emulsions. 
5 Alternatively, one may administer the virus in a local rather than systemic manner, for 
example, in a depot or sustained-release formulation. 

In preferred embodiments, the inventive rAAV vectors are administered by 
intravenous administration, more preferably, by intravenous administration to the. 
liver (as described below). 

1 0 Dosages will depend upon the mode of administration, the severity of the 

disease or condition to be treated, the individual subject's condition, the particular 
virus vector, and the gene to be delivered, and the species of the subject, the size and 
weight of the subject, and can be determined in a routine manner. Exemplary doses 
for achieving therapeutically effective amounts in the circulatory system are about 10 8 

15 , about 10 9 , about 10 10 , about 10 11 , about 10 12 , about 10 13 , about 10 14 , about 10 15 
infectious units, depending upon the level of transgene produced, the activity of the 
protein, etc. 

The invention will now be illustrated with reference to certain examples which 
are included herein for the purposes of illustration only, and which are not intended to 
20 be limiting of the invention. 

Example 1: Vector Constructs 
rAAV plasmids expressing human B-domain deleted factor VIII or enhanced 
green fluorescent protein (EGFP) were constructed. Briefly, pmt2LA (Pittman et al 
25 (1993) Blood 57:2925; gift from Dr. D. Pittman, Genetics Institute, Cambridge, MA) 
was amplified by PCR to generate a 4435 bp fragment encoding full sequence of B- 
domain deleted-human factor VIII. The 4435 bp B-domain deleted human factor VIII 
cDNA was inserted into a cassette containing either spacer sequence (pDLZ2) or 
Enhancer I (Enhl) of hepatitis B virus and spacer sequence (pDLZ6) (Guo et al 
30 (1991) Virology (55:6686). The sequence of pDLZ6 is presented in Figure 1 (SEQ 
ID NO:l) along with the amino acid sequence of the B-domain deleted human factor 
VIII protein (also shown in SEQ ID NO:2). The first 19 amino acid residues 
represent a signal peptide, which is cleaved off before the B-domain deleted human 
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factor VEQ prec^^r is translocated into the endoplasmic^^ulum. The B-domain 
deleted human factor VIII cDNA in pDLZ6 was replaced with EGFP cDNA from 
pTR-EGFP (R. Haberman, UNC Gene Therapy Center, Chapel Hill, NC) to construct 
pDLZ8. All constructs employ the Tk polyadenylation signal, and flanked using the 

5 AAV ITRs from pAAV/cFDC 

The pDLZ6 construct comprises two ITRs, at about nucleotide (nt) positions 
1-146 and 4916-5084 of Figure 1 (and SEQ ID NO:l), a hepatitis B virus Enhl 
enhancer element at about nucleotide positions 150-278, spacer sequence at about 
nucleotide positions 279-399, B-domain deleted human factor VIII cDNA at about 

10 nucleotide positions 419-4835, and a Tk polyA sequence at about nucleotide positions 
4804-4914. 

Example 2: Cells and Culture 
293, HeLa, and HepG2 cells were cultured in Dulbecco's modified eagles 
media (DMEM, Gibco/BRL, Gaithersburg, MD) with 10% fetal bovine serum (FBS, 
15 Gibco/BRL, Gaithersburg, MD), with or without antibiotics (penicillin and 
streptomycin), at 37°C and 5% C02. FBS was heat-inactivated at 55°C for 30 
minutes. Under these conditions, factor VIII protein and activity could not be 
detected in FBS. 



20 Example 3: rAAV Production and Purification 

rAAV was generated using a three plasmid transfection scheme. Briefly, 
subconfluent 293 cells were co-transfected with the rAAV vector plasmid, AAV 
helper plasmid pXX2 (Xiao et al (1998) J. Virology 72:2224), and adenovirus helper 
plasmid pXX6 using calcium phosphate precipitation. Forty-eight hours post- 
25 transfection, the cells were harvested, lysed by 3-cycles of freeze-thawing, and 
sonicated to release the rAAV virion particles. Following ammonium-sulfate 
precipitation, the virus particles were purified and concentrated by cesium density 
gradient centrifiigation twice. Viral particles were titered by dot-blot; the 
rAAV/human factor VIII peak gradient fractions were pooled, dialyzed against 
30 phosphate buffer saline (PBS), and stored at -20°C. 
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ExamplJ^^T/i vzYro Expression of B-domain dele^J^nman factor VIII 
2xl(T of 293 or HepG2 cells were plated in each well of 6-well plates. 

Twenty-four hours post-plating, cells were transduced with rAAV virus particles/cell 

(MOI^IO), with or without adenovirus (MOI=l) for 1 hour. The cell media were 
5 harvested for analysis and replaced with fresh media every 24 hours post-infection. 

All the media/serum used for assaying human factor VIII expression and function 

were screened free of factor VIII. 



Example 5: Protein Function and Inhibitor Assay for Human Factor VIII 

10 rAAV-originated human factor VEH protein was detected by Enzyme-Linked 

Immunosorbent Assay (ELISA. Briefly, monoclonal sheep anti-human factor VIII 
antibody (Affinity Biological, Inc., Canada) was used as capture antibody. 
Peroxidase-conjugated sheep anti-human factor VIH antibody (Affinity Biological, 
Inc., Canada) was used as secondary antibody. The factor VIII levels were calculated 

1 5 according to the standard curve derived from serial dilution of the pooled normal 

human plasma (UCRP, Fisher Scientific). The reproducible sensitivity of the ELISA 
for human factor VIII was determined to be 0.3 ng/ml. 

Function of the rAAV-originated B-domain deleted factor VIII was tested by 
the activated partial thromboplastin time (APTT) and Coatest (Chromgenix AB, 

20 . _ Sweden). APTT was performed, except using factor Vlll-deficient plasma rather than 
FIX-deficient plasma (Pacific Hemostasis). Coatest was performed following 
manufacturer's instructions. A serial dilution of pooled normal human plasma was 
used to generate the standard curve of factor VIII activity. 

The Bethesda inhibitor assay (BIA) was used to detect anti-human factor VIII 

25 inhibitors in mouse serum (Kasper et al (1975) Thrombosis et Diathesis 

Haemorrhagica 34\6\2). Briefly, mouse plasma was incubated at 55°C for 30 
minutes to inactivate endogenous murine factor VIIL The serial dilutions of the 
treated mouse plasma were then mixed with an equal volume of pooled normal human 
plasma (UCRP, Fisher Scientific) and incubated at 37°C for 2 hours. APTT was 

30 performed to determine the residual factor VIII activity in the UCRP incubated with 
the inactivated mouse plasma. The anti-human factor VIII inhibitor titer was 
calculated from the residual factor VIII activity of each sample according to the 
established BIA standard curve. 
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Example 6: Animal Care and Manipulation Procedure 
The mice were maintained at the animal facilities at the University of North 
Carolina at Chapel Hill in accordance with the guidelines of the UNC Institutional 
5 Animal Care and Use Committee. Each animal was weighed and sedated using a 
mixture of ketamine (lOOmg/kg) and xylanine (5mg/kg) prior to virus administration. 
Under a dissecting microscope, a 1-cm vertical midline abdomen incision was made. 
2x 1 0 !0 or 2x 1 0 1 1 particles of rAAV/DLZ6 or rAAV/DLZ8 in 200-400 ul of phosphate 
buffered saline (PBS) was injected to liver via portal vein using Harvard Apparatus 
10 pump 22 in 2-5 minutes. Blood was collected via the retro-orbital plexus and the 
plasma stored at -80°C. Tissues/organs were collected for histology and DNA/RNA 
analyses of three mice sacrificed at week 30 post-injection. Tissues collected 
included liver, spleen, kidney, testis, heart, brain, spinal cord, intestine, muscle, lymph 
nodes, and bone marrow. Tissues were either frozen at -80°C (for DNA and RNA 
1 5 isolation) or fixed in 1 0% neutral-buffered formalin overnight before processing. 

Example 7: DNA Isolation and Analysis 
High molecular weight genomic and low molecular weight DNA (Hirt) were 
isolated and used for Southern Blot and DNA PCR. 29.5 pg, 5.9pg, 1 . 1 8 pg, 0. 1 1 8 
20 . pg, and.0.059 pg of plasmid_pDLZ6.were.iidded.to 20 |ig genomic DNA from control 
mouse liver produced copy number standard, respectively equivalent to 5, 1 , 0.2, 0.02 
and 0.01 copies of rAAV/DLZ6 vector genome per murine liver cell. The genomic 
DNA was digested with restriction enzyme SphI, which cuts the plasmid pDLZ6 
internal to each ITR, releasing a 4.6 kb DLZ6 genome, and then separated by agarose 
25 gel. The blot was hybridized with 32 P-labeled human factor VIII probes. 

A Sense primer (5>AACCTTTACCCCGTTGCTCG-3') and antisense primer 
(5 '-GTCTTTTTGTACACGACTGAGG-3 ') were used to amplify a 450 bp 
rAAV/DLZ6 vector unique fragment. The PCR conditions were 95°C for 5 minutes 
followed by 30 cycles with 95°C for 2 minutes, 50°C for 1 minute, 72°C for 1 minute. 

30 

Example 8: RNA Extraction, Northern Blot and Reverse Transcription (RT) PCR 



42 



Total ce^Jl RNA extracted from cultured cells JBlzen mouse tissues was 
used for Northern Blot or RT-PCR in a similar. A sense primer (5'- 
TTCTCCCCAATCCAGCTGG-3 ') and antisense primer (5'- 
GAGTTATTTCCCGTTGATGG-3 ') were used to amplify a 534 bp unique human 
5 factor VIII cDNA fragment. The PGR conditions were 95°C for 2 minutes, followed 
with 30 cycles using: 95°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute. A 
pair of (3-actin primers was used as an internal control of RT/PCR for each sample 
described. 

10 Example 9: Histological Analysis 

Formalin-fixed tissues were alcohol dehydrated and paraffin embedded. 
Tissues were sectioned at 6 (im each, deparaffinized in xylene, rehydrated through 
graded ethanol, and either stained with hematoxylin and eosin (H & E). 

1 5 Example 1 0: Packaging of rAAV B-domain deleted human factor VIII 

Two rAAV vectors expressing B-domain deleted human factor VIII, pDLZ2 
- and pDLZ6 (Figure.2), were constructed to test the -utility of the Hepatitis B virus 
Enhl enhancer element. Over 10 12 rAAV/DLZ6 or rAAV/DLZ2 particles per milliliter 
were produced using triple plasmid transfection and cesium chloride density gradient 

-20 centrifugation. To confirm the replication of rAAV virions, low molecular weight 
viral DNA was isolated following transduction of HeLa or HepG2 cells with rAAV 
(MOI=10) and adenovirus type 5 (MOI=l). As shown in Figure 3, the expected 
monomer and dimer replication forms of rAAV/DLZ6 and rAAV/DLZ2 were 
detected using a probe specific for the transgene. Isolation of rAAV/DLZ6 virion 

25 DNA confirmed that the expected monomer size was packaged (Figure 3). Following 
transduction, rAAV/DLZ6 containing the Enhl sequence produced a 30-fold increase 
in mRNA transcript in HeLa and HepG2 as compared to rAAV lacking the enhancer 
element (data not shown). 

Based on these results, we performed factor VIII functional assays using 

30 vector derived from pDLZ6. human factor VIII protein expression was performed by 

ELISA measurement of factor VIII protein from cell media harvested at 24 hours 

following transfection and transduction. Assessment of functional human factor VIII 

was performed using APTT and Coatest assays (see Table 1). Thus despite its greater 
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than wild-type^^ recombinant virus was efficiently p^J^ed and produced 
functional B-domain deleted human factor VIII. Based on these results, rAAV/DLZ6 
was used for in vivo analysis. 

Table 1 

In vitro Expression of B-domain deleted human factor VTQ from AAV Vectors 





Antigen Assay 


Functional 


Assay 




ELISA 


APTT 


Coatest 


Transfection 


5.6 ng/ml 


25% 


28 mu/ml 


Transduction 


15 ng/ml 


40% 


72 mu/ml 



lxlO 6 293 cells were transduced with rAAV/DLZ6 or rAAV/DLZ8 (EGFP) at 



MOI=10. Media were harvested at 24 hours for human factor VIII assay. The media 
overlay 293/EGFP was used as control. UCRP served as the standard, which is 
equivalent to 200 ng/ml human factor VIII antigen and 1000 mu/ml Coatest activity. 
APTT refers to the percent of normal factor VIII activity. Results are expressed as the 
mean of three experiments, each performed in triplicate. 
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Example 1 1 : Long-term Expression of human factor VIII in Mice 
rAAV/DLZ6 was injected into the portal vein of 4-week-old male mice or 6- 
week-old NOD/scid mice. Blood samples were collected via the retro-orbit plexus 
biweekly. B-domain deleted human factor VIII protein was not detected in the 
plasma of 2 mice receiving 2xl0 10 rAAV/DLZ6 until 4 weeks post-injection of the 
AAV (data not shown). Once detected, the human factor VIII levels remained at 2- 
3% of normal human levels factor VIII level (200 ng/ml) for over 1 1 months. In 
contrast, a mean of 42 ng/ml of B-domain deleted human factor VIII or 21% of 
normal human factor VIII level was detected in the plasma of 4 mice receiving 2x10* 1 
rAAV/DLZ6 at 1 week post-injection (Figure 4, Panel A). High titer anti-human 
factor VIII inhibitor was detected in the plasma of all of the mice receiving 
rAAV/DLZ6 as early as 1 week post-injection (see Figure 4, Panel A). The anti- 
human factor VIII inhibitor titer increased to a maximum titer at 9 to 12 weeks post- 
injection (Figure 4, Panel A). The appearance of inhibitor coincided with the 
decrease in B-domain deleted human factor VIII plasma protein. As expected, neither 
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B-domain dele^Kuman factor VIII nor anti-human facflPf in inhibitor were 
detected in the plasma of control mice receiving rAAV expressing the EGFP 
transgene (data not shown). 

In order to adequately assess the expression of B-domain deleted human factor 
5 VIII protein, immuno-incompetent NOD/scid mice received 1 .5 xl 0 n virus via portal 
vein injection. Plasma levels of B-domain deleted human factor VIII determined by 
ELISA reached 35 ng/ml (17% of normal level) on day 10 post-injection and 
increased to 55 ng/ml (27% of normal level) (Figure 4, Panel B> As expected, B- 
domain deleted human factor VIII was not detected in the plasma of mock infected 
1 0 scid mice (data not shown). 



Example 12: rAAV Vector Spread and Histologic Analysis 
The mice receiving rAAV vector were sacrificed at 30 weeks post-injection. 
Peripheral blood, liver, spleen, lymph nodes, kidney, intestine, testis, skin, muscle, 

15 heart, lungs, aorta, bone marrow, brain and spinal cord were analyzed to determine 
vector spread following systemic administration. DNA PCR utilizing.primer pairs 
specific for the vector DLZ6 amplified a 450-bp product. Vector genome was 
detected only from liver samples 30 weeks after portal vein injection (Figure 5, Panel 
A). RT-PCR employed a pair of primers which amplify a 534 bp fragment of B- 

20 domain deleted human factor VIII cDNA. Only RNA isolated from the liver 

generated the appropriate PCR product, ponfirming the DNA PCR result (Figure 5, 
Panel B). Amplification of a 250 bp p-actin fragment was utilized as internal control 
for RT/PCR showed intact and equal amount of RNA were used for each sample in 
RT-PCR (data not shown). By using both DNA PCR and Southern blot analysis, an 

25 estimated 0.05 copies of rAAV/DLZ6 genome per cell were present at 30 weeks post- 
transduction in animals given 2x1 0 n rAAV particles (Figure 5, Panels A & C). This 
result is in agreement with previous reports ((Snyder et al (1999) Nature Medicine 
5:64; Xiao et al (1998) 1 Virology 72:10222). No significant pathology was 
observed in the liver, spleen, GI tract, gonads, brain, heart, and lungs (data not 

30 shown). 
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^Lnple 13: rAAV Molecular Analysis^lfever Cells 
At the time of sacrifice, 30 weeks, low molecular weight DNA (Hirt DNA) 
and high molecular weight genomic DNA were isolated from several organs of the 
mice receiving rAAV/DLZ6. Using the restriction enzyme Sph I, which cuts internal 
5 to each ITR, and Southern blotting unrearranged rAAV/DLZ6 genome were detected 
only in the high molecular weight fraction (Figure 5, Panel C). Approximately 0.05 
vector genome copies/cell were detected in the high molecular weight DNA fraction. 
DNA PCR confirmed that the rAAV/DLZ6 vector genome signal could not be 
detected in the Hirt DNA fraction (data not shown). The sensitivity of the PCR assay 
10 is 0.001 copies/cell. 

Example 14: Phenotypic Correction in factor VIII Knock-Out Mice 
rAAV/DLZ6 is administered to mice in which the gene encoding factor VIII 
has been "knocked out" by homologous recombination, thereby producing a 
15 phenotype corresponding to hemophilia A. Mice are administered either 2 x 10 10 or 2 
x 10 n particles of rAAV/DLZ6 or a control vector via portal vein injection as 
described in the previous Examples. 

Hepatic expression of B-domain deleted human factor VIII is determined as 
described in the previous Examples. In addition, plasma levels of B-domain deleted 
20 human factor VIII and factor VIII inhibitors are monitored over time, also as 

described above. Functional assays of factor VIII activity (e.g., Coatest) are also 
carried out to determine functional B-domain deleted human factor VIII protein 
expression in plasma. The rAAV/DLZ6- treated mice are monitored over time for 
phenotypic changes due to expression of the B-domain deleted human factor VIII, z.e., 
25 amelioration or correction of phenotypic traits associated with hemophilia (for 
example, improved clotting time). 

In this manner, long-term hepatic expression of B-domain deleted human 
factor Vm using a rAAV vector (Example 1 1) is correlated with phenotypic 
improvement in hemophiliac animals. 

30 

Example 15: Phenotypic Correction in Hemophiliac Dogs 
Hemophiliac dogs are administered a rAAV vector carrying a B-domain 
deleted canine factor VIII (canine factor VIII). The B-domain deleted canine factor 
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Vin expressior^^sette is essentially as described in Exi^^le 1 for the human factor 
VIII expression cassette and includes flanking AAV ITRs, Enhl enhancer, noncoding 
sequence, and Tk poly(A) sequence. Plasmid pDLZIO encodes the canine factor VIII 
expression cassette. The nucleotide sequence of pDLZIO is shown in Figure 7 along 
5 with the amino acid sequence of the B-domain deleted canine factor Vm encoded 
thereby. This construct comprises two ITRs, at about nucleotide (nt) positions 1-144 
and 4885-5048 of Figure 1 (SEQ ID NO:l), a hepatitus B virus Enhl enhancer 
element at about nt positions 149-278, spacer sequence at about nt positions 279-399, 
BBD canine factor VIII cDNA at about nt positions 428-4790, and a polyA sequence 

10 at about nt positions 4804-4884. Dogs are infused with 10 u or 10 14 particles of 

rAAV/canine factor VIII or a control vector by portal vein. In the same or a separate 
study, the same titer of rAAV vector is administered by direct hepatic vessel injection. 

Hepatic expression of B-domain deleted canine factor VIII is determined as 
described in the previous Examples. In addition, plasma levels of B-domain deleted 

15 canine factor VIII and factor VIII inhibitors are monitored over time, also as 

described above. Functional assays of factor VIII activity (e.g., Coatest>are also 
carried out to determine functional B-domain deleted canine factor VIII protein 
expression in plasma. The rAAV/B-domain detetedcanine factor VIII treated dogs are 
monitored over time for phenotypic changes due to expression of the B-domain 

20 deleted canine factor VIE, i.e., amelioration or correction of phenotypic traits 
associated with hemophilia (for example, improved clotting time). 

In this manner, delivery of B-domain deleted canine factor VIII to the liver of 
hemophiliac dogs using a rAAV vector is evaluated for the treatment of hemophilia 
A. 

25 

Example 16: Generation of a stable producer cell line for rAAV/B-domain 

deletedfactor VIII 

Generally, rAAV producer cell lines are generated by transfection of cells with vector 
plasmid, followed by selection with antibiotics (typically G418, hygromycin, or 
30 histidinol) and cloning of individual colonies. Colonies are first screened for vector 
replication. Clones showing high level replication of vector following adenovirus 
infection are then tested for production of infectious vector. 
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Plasmid B-doiJfcdeletedfactor VIE (30 |ag) was transfjfc into the Hela C12 
packaging cell line by electroporation (Potter et al., 1984, Proc. Natl Acad. Sci. USA 
79:7161-7165). The C12 cell line contains the AAV2 rep and cap genes that are 
transcriptionally quiescent until induction upon infection with adenovirus helper 
5 (Clark et al., 1995; Clark et al., 1996, Gene Therapy 3:1 124-1 132). Twenty four 
hours post-transfection, the cells were trypsinized and replated in 100 mm plates at 
densities ranging from 5x103 to 5x104 cells per plate. The cells were subjected to 
selection in DMEM containing 10% fetal bovine serum and 300 ng/ml hygromycin B. 
Drug-resistant cell clones were isolated, expanded and their ability to produce 

10 infectious AAV factor VIII vectors was tested and compared in an infectivity assay as 
described in Atkinson et al., 1998, Nucleic Acid Res. 26:2821-2823. One such 
producer cell clone (CI 2-5 5) was further used for production of vector. Production, 
purification and titration were carried out essentially as described herein and as 
generally described in Atkinson et al. (WO 99/1 1764). 

15 All publications and patent applications mentioned in the specification are 

indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 

20 Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced within the scope of the 
appended claims. 
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THAT WHICH IS CLAIMED 



1. 



A recombinant adeno-associated virus (rAAV) vector comprising a 



10 



15 



20 



25 



heterologous nucleotide sequence encoding B-domain deleted factor VIII operably 
linked with at least one enhancer and at least one promoter. 

2. The rAAV vector of claim 1 , wherein said rAAV vector further 
comprises spacer DNA. 

3. The rAAV vector of claim 1 , wherein said rAAV is selected from the 
group consisting of AAV serotype 1 ? serotype 2, serotype 3, serotype 4, and serotype 
5. 

4. The rAAV vector of claim 1 , wherein said B-domain deleted factor 
VIII is a human B-domain deleted factor VIII. 

5. The rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forth in SEQ IDNO:2. 

6. The rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO: 1 . 

7. The rAAV vector of claim 1 , wherein said promoter is an AAV ITR. 

8. A pharmaceutical formulation comprising the rAAV vector of claim 1 
in a pharmaceutically acceptable carrier. 

9. A recombinant adeno-associated virus (rAAV) vector comprising a 
heterologous nucleotide sequence encoding factor VIII operably linked with a liver- 
preferred expression control element. 
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1 0. "^^AAV vector of claim 9, wherein said^^rologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l . 



5 11. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one enhancer selected from the group consisting of 
the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E1.7 enhancer, and the human 
albumin E$ enhancer. 

10 

12. The rAAV vector of claim 9, wherein said liver-preferred expression 
control element comprises the hepatitis B virus Enhl enhancer given as about 
nucleotides 419 to 4835 of the nucleotide sequence set forth in SEQ ID NO:l . 

15 13. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one promoter selected from the group consisting of 
the hepatitis B virus core promoter, the mouse albumin promoter, the human Ul 
snRNA promoter, and the herpes simplex virus thymidine kinase promoter. 

20 14. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNF1 binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

25 

1 5. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence further comprises sequences encoding a promoter and a polyadenylation 
sequence. 

30 1 6. The rAAV vector of claim 9, wherein said heterologous nucleotide 

sequence comprises the sequence given as about nucleotides 150 to 4914 of the 
nucleotide sequence set forth in SEQ ID NO: 1 . 
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1 7. T^^VA V vector of claim 9, wherein said^^lrologous nucleotide 
sequence encodes the amino acid sequence set forth in SEQ ID NO:2. 



1 8. A recombinant adeno-associated virus (rAAV) vector comprising a 
5 heterologous nucleotide sequence encoding a B-domain deleted factor VIII operably 
linked with an enhancer, wherein said nucleotide sequence is selected from the group 
consisting of: 

(a) the nucleotide sequence given as nucleotides 41 9 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l, 
10 (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 

under conditions of high stringency and which encodes a B-domain 
deleted factor VIII, and 
(c) a nucleotide sequence that that differs from the nucleotide sequences of 
(a) and (b) above due to the degeneracy of the genetic code, and which 
1 5 encodes a B-domain deleted factor VIII . 



1 9. The rAAV vector of claim 1 8, wherein said rAAV further comprises 
spacer DNA. 



20 20. A composition comprising a population of at least about 1 0 1 

recombinant adeno-associated virus (rAAV) vector particles comprising a 
heterologous nucleotide sequence encoding B-domain deleted factor VIII. 



21 . A method of delivering a nucleotide sequence encoding B domain- 
25 deleted factor VIII to a cell comprising contacting the cell with a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII operably linked with a liver-preferred 
expression control element. 



30 22. The method of claim 2 1 , wherein the contacting is carried out in vitro. 

23. The method of claim 21, wherein the contacting is carried out in vivo. 
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iethod of claim 21, wherein the cell^Phected from the group 
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consisting of neural cells, liver cells, muscle cells, retinal cells, epithelial cells, 
fibroblast cells, germ cells, bone marrow cells, hematopoietic stem cells, spleen cells, 
pancreas cells, and cells of the central nervous system. 

25. The method of claim 24 wherein the cell is a liver cell. 

26. The method of claim 2 1 , wherein the cell is a human cell. 

27. The method of claim 21 , wherein said liver-preferred expression 
control element comprises at least one enhancer selected from the group consisting of 
the otl microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E 1.7 enhancer, and the human 
albumin E6 enhancer. 

28. The method of claim 21, wherein said liver-preferred expression 
control element comprises the hepatitis B virus Enhl enhancer given as about 
nucleotides 419 to 4835 of the nucleotide sequence set forth in SEQ ID NO:l. 

29. The method of claim 2 1 , wherein said liver-preferred expression 
control element comprises at least one promoter selected from the group consisting of 
the hepatitis B virus core promoter, the mouse albumin promoter, the human U l 
snRNA promoter, the herpes simplex virus thymidine kinase promoter. 

30. The method of claim 21 , wherein said liver-preferred expression 
control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNF1 binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

3 1 . The method of claim 2 1 , wherein said tAA V vector additionally 
comprises at least one AAV ITR operably linked to said nucleotide sequence 
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encoding B-doi^^deleted factor VIII such that said A^^^^R drives expression of 
said nucleotide sequence encoding B-domain deleted factor VIII. 

32. The method of claim 2 1 , wherein the B-domain deleted factor VIII is a 
5 human B-domain factor VIII. 

33. The method of claim 32, wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forth in SEQ ID NO:2. 

10 

34. The method of claim 33, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l. 

15 35. A method of delivering a nucleotide sequence encoding a B-domain 

deleted factor VIII to a cell comprising contacting the cell with a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding a B-domain deleted factor VIII selected from the group consisting of: 

(a) the nucleotide sequence given as nucleotides 419 to 4835 of 
20 the nucleotide sequence set forth in SEQ ID NO: 1 , 

(b) a nucleotide sequence that hybridizes to the nucleotide 
sequence of (a) under conditions of high stringency and which 
encodes a B-domain deleted factor VIII, and 

(c) a nucleotide sequence that that differs from the nucleotide 
25 sequences of (a) and (b) above due to the degeneracy of the 

genetic code, and which encodes a B-domain deleted factor 
VIII. 

36. A method of delivering a nucleotide sequence encoding B-domain 
30 deleted factor VIII to a cell comprising contacting the cell with a composition 
comprising a population of recombinant adeno-associated virus (AAV) vectors 
comprising a heterologous nucleotide sequence encoding B-domain-deleted factor 
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VIII, and furthe^^brein said composition has a titer of ^^^st about 10 8 infectious 
units per milliliter. 



37. A method of enhancing blood coagulation in a subject in need thereof 
5 comprising administering a recombinant adeno-associated virus (rAAV) vector 

comprising a heterologous nucleotide sequence encoding B-domain deleted factor 
VIII to the subject in an amount sufficient to enhance blood coagulation. 

38. The method of claim 37, wherein at least about 2 x 10 !0 particles of the 
1 0 rAAV vector are administered to the subject. 

39. The method of claim 37, wherein the subject is a mammalian subject. 

40. The method of claim 39, wherein the subject is a human subject. 

15 

41 . The method of claim 40, wherein the rAAV vector is administered by a 
route selected from the group consisting of oral, rectal, transmucosal, transdermal, 
inhalation, intravenous, subcutaneous, intradermal, intracranial, intramuscular, and 
intraarticular administration. 

20 

42. The method of claim 41, wherein the rAAV is administered to the liver 
of the subject. 

43. The method of claim 44, wherein the rAAV is administered to the liver 
25 by a route selected from the group consisting of intravenous administration, 

intraportal administration, intrabiliary administration, intra-arterial administration, 
and direct injection into the liver parenchyma. 

44. The method of claim 37, wherein the rAAV further comprises a liver- 
30 preferred expression control element operably linked with the heterologous nucleotide 

sequence encoding factor VIII. 
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control element comprises at least one enhancer selected from the group consisting of 
the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E1.7 enhancer, and the human 
albumin E6 enhancer. 

46. The method of claim 45, wherein the liver-preferred expression control 
element is a hepatitis B virus enhancer element Enhl or a hepatitis B virus enhancer 
element Enhll. 

47. The method of claim 37, wherein the B-domain deleted factor VIII is a 
human B-domain deleted factor VIII. 

48. The method of claim 47, wherein the heterologous nucleotide sequence 
encodes a B-domain deleted factor VIII having the sequence given in SEQ ID NO:2. 

49. The method of claim 48, wherein the heterologous nucleotide sequence 
encodes the amino acid sequence set forth in SEQ II>NO:2. 

50. A method of treating hemophilia A comprising administering to a 
hemophiliac subject a biologically effective amount of a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII, wherein said B-domain deleted factor VIII is 
expressed at therapeutically effective amounts. 

51. A method of treating hemophilia comprising administering to the liver 
of a hemophiliac subject, a biologically effective amount of a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII. 

52. The method of claim 5 1 , wherein the liver expresses the encoded B- 
domain deleted factor VIII, which is secreted into the blood in a therapeutically 
effective amount. 
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53. A method of administering B-domain deleted factor VIII to a subject 
comprising administering a cell expressing B-domain deleted factor VIII to the 
subject, wherein the cell has been produced by a method comprising contacting the 
cell with a recombinant adeno-associated virus (rAAV) vector comprising a 
nucleotide sequence encoding B-domain deleted factor VIII. 

54. The method of claim 53, wherein the cell is selected from the group 
consisting of hematopoietic stem cells, liver cells, fibroblasts, epithelial cells, spleen 
cells, pancreatic cells, keratinocytes, endothelial cells, myoblasts, and neural cells. 

55. A method of producing a high-titer stock of a recombinant adeno- 
associated virus (rAAV) vector comprising 



(a) infecting a packaging cell with a rAAV vector comprising a 
heterologous nucleotide sequence encoding factor VIII, 

(b) allowing the rAAV genome to replicate and be encapsidated by 
the packaging cell, and 

(c) collecting the rAAV particles to form a rAAV stock; 
wherein the titer of the rAAV stock is at least about 10 6 
infectious units per milliliter. 



56. The method of claim 55, wherein the heterologous nucleotide sequence 
encoding factor VIII is operably linked with a liver-preferred expression control 
element. 

57. A virus stock produced by the method of claim 55. 

58. A nucleotide sequence encoding B-domain deleted factor VIII 
operably linked with a hepatitis virus expression control element. 

59. The nucleotide sequence of claim 58, wherein said hepatitis virus 
expression control element is from a hepatitis B virus. 
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60. ^^lucleotide sequence of claim 59, whd^^said hepatitis virus 
expression control element is a hepatitis B virus Enhl or Enhll enhancer. 

61 . The nucleotide sequence of claim 60, wherein said hepatitis virus 
5 expression control element is a hepatitis B virus Enhl enhancer. 

62. The nucleotide sequence of claim 58, wherein said nucleotide sequence 
comprises the sequence given as about nucleotides 150 to 4835 of the nucleotide 
sequence set forth in SEQ ID NO: 1 . 

10 

63. The nucleotide sequence of claim 62, wherein said nucleotide sequence 
further comprises a promoter and a polyadenylation sequence. 

64. The nucleotide sequence of claim 63, wherein said nucleotide sequence 
1 5 comprises the sequence given as nucleotides 1 50 to 491 4 of the nucleotide sequence 

set forth in SEQ ID NO: 1. 

65. A vector comprising the nucleotide sequence of claim 58. 

20 66. The vector of claim 65, wherein said vector is the plasmid disclosed 

herein as pDLZ6. 

67. A cell containing the vector of claim 65. 
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TOGCXftCTCC CICICIG03C QCK33CI03C TCACIG&GGC CGGGOGACCA 50 

AAGGTOaOOC GACGOOOGGG CTTiaaXQS QCGQOCTCAG TCEAQ3G5Y303 100 

AGCGOGCAGA GAGQGAGIGG 03^CI02AT CACT^Q33Gfr TmiCAGATC 150 

ILTl'lLTAAG TAAACAGTAC ATCAACCITr ACOOOGTIGC TOQQCAAOQG 200 

CCIGGTCIGT GCCAAGIGTT 1GCIGACGCA A0CXXX3OG GCTGGGGCTT 250 

Q30CMEGQC CKTC2QOGCA TO0GGATCTC AGIGIGGTIT TCO^GE&GGA 300 

A3CAAAAAGC CICICEACOC AGQOCIGGAA TCTITOCACC O^ATCIOSAG 350 

CAGTEGIGGfTT TIGCAAGAGG AaQCAAAAAG (TICKTKr CAGGCCTQGA 400 

CIDGSGAGCT TO3CCAOC& TOCAAAIAGA QCTCIOCACC TQCTICPTTC 450 

M etGlnlleGl uLeuSerlhr CysEheEhsL 
•lUlUULTriT QCGATICIQC TTEAGTQOCA CCAGAAGATA CTACCIGGGT 500 
euCysLeuLe uArgHisCys FheSerAlaT hrArgArgly rTyrLajGly 
QCBGIGGAAC CTAIATOCAA. AGTCATCIOG GTCSGCIQCC 550 

AlaValGluL euSerTcpAs pflyrMstGln SerAspLsuG lyGluLeuEr 
TCTTGGACGCA AGATTIOCIC C3BGAGIGCC AAAAWLTJLTJL' CCATICAACA 600 
oVaLAspAla ArgEheProP roArgValPr oLysSerPhe ProFheAsnT 
(XTmGTCGT GEACAAAAAG ACJLL'IUJLTIG TAGAATICAC GGTICACCTT 650 
hrSerValVa HyrlysLys ThrLaiEbeV alGOuPheflh rValHisIiSu 
TICASCATCG CEAAGGCAAG GCCfiCCCIGG AT3337ICIQC TAGGTOITAC 700 
HieAsnlleA lalysProAr gProPraTrp ^taGlyLeuL euSL^coGtti 

GAQbTl'llAllG ATACAGIGGT CATIAC2CIT AAGAACATOG 750 
rlleGliiAla GluValiyrA sptthrValVa llleOhrljeu. LysAsriMstA 
CTICDCKICC T3TC8GTCIT CA3GCTGTIG GICTAIOCTA CIQGAAAQCT 800 
laSerHisEr oValSerLeu HisAlaValG lyValSerTy 2?I±pLysAla 
TCIGAGGGAG CT3AATATCA TCATCAGACC AGTCAAAGGG AGAAAGAAGA 850 
SerGOLuGlyA laGl'uTyrAs pAspGlrflhr SerGlnArgG luLysGluAs 
T3ATAAAGIC TTOCCIGGTG GAAGCCATAC ATATCICIQ3 CaGGTOCIGA 900 
pAspIysVal PheProGlyG lySerHisTh rlyzValTrp GOjiValLeuL 
AAGAGAA1QG TCCAAIGGOC TCIGACCCAC TGTGOCTEAC C1ACTCATAT 950 
ysGluAsnGl yPrcf-fetAla SerAspProL euCysLeuIh rTyrSerTyr 
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CXTICXCAIG TOGACCD3GT AAAAGACTIG AAXK2AQ30C TCAT103AGC 
LeuSerHisV alAspLaiVa HysAspLeu AsnSerGlyL euGCLeGlyAl 
O^CTAGm T3EAGAGAAG G^GICIOX CAAQGAAAAG JCAGAGAOCT 
aLajLeuVal CysAzgGluG lySerLeuAl alysGlulys TfrrGaifiChrL 
igcacaaait taiaciacit 'ithtim tigaigaagg gaaaagttgg 

euHisDysHi elleLajLeu EfoeAlaValP heAspGluGl yLysSerTcp 
CACICAGAAA. <3&AGAACIC CTIGATCCAG GATAGQG&TC CTOCSTCIGC 
HisSerGluT hrtysAsnSe xLeufrfetGln AspArgAspA laAlaSerAl 

•xosggocigg cceaaaatoc acacagtc&a tostiaigia aacaostcxc 

aArgAlaltp EraLysSfetH isliirValAs nGlyTyxVal AsnArgSerL 
IGOCBGGICr GATIQGAiGC GO^GGAAAT CAGICEATIG GCMGrKSSET 
euEroGlyLe ulleSlyCys HisArgLysS erVallyrTr pHisValTLe 
G3AATOQGCA (X3O0CIGA. AGTGCACTCA MTKE3DG AAGGTCACAC 
dyifetdyT hrThrEroGl uValHisSer neEfceLeuG luGlyHisfth 
MTICTTOIG AGGAAOCATC GOCaQQOGIC CTIGGAAATC TO30CAAIAA 
rEbsLoiVal AcgftsnHisA rgGliiAlaSe rLeuGluIle SerEcoI lefT 
C rr i ULT UftC TOCTCAAACA CI CT IGATOS ACXTIGGACA. gittciacxg 
hrEfteLeiilh rAlaGlrfliir LsajLeutfetA spLeuGlyGl nEfreLeuLeu 
THTCICATA TOCTTOOCA GCAACATGAT GGCATQGAAG urimuiUftA. 
IbeCysHisI leSerSerHi sGlnHisAsp Gly^fetGluA laTyzValXy 
SGIBGACAGC 1GTOCAGAQG AACDOCAACr AQ3AAIGAAA. AAJEAA1GAAG 
sValAspSer CysProGluG luEroGliiLe uArglfetDys AsnAsnGLuG 
A8QCQGAAGA. CTA1GA2GAT GATCTEOG ATIUIGAAAT GGATCIQGrXC 
luAlaGluAs ptfyrAspAsp AspLesLflhrft spSerGluMe tAspValVal 
msmXSWG JOGACAACTC TOCTia^.AIDCaAATIC GCK^GTKSC 
i^EfoeAspA. spAspAsnSe rEroSerHie IleGlnlleA rgSerValAL 
G&GAAGCAT GCTAAAACTT GGGTACATTA. CBJnGCTGCT GAAGAQGAGG 
ai#stysHis EcoEySThrT rpValHi^iy rlleAlaAla GluGLuGluA 
JOGGGACTA. TOCTOCETEA. GTOC?IOQCCC CXX3ATGACAG AAGTEAHAAA. 
sj/Bp&ejEfly zftlaEroiLeu ValLeuAlaP roAspAspAr gSerlyzIys 
agKBAaSflT TGAACAA3GG CX3C?ICAQCGG ATIG3EAQGA. AGEACAAAAA. 
SerGlrflyrL euAsnAsnGO. yProGlnArg IleSlyArgL y^lyri^sly 

^srocoATrr atggcaiaca cagaigaaac ctteaagact ceigaagcea. 

sValArgEfoe MetAlaTyrT hrAspGluCIh rEbeLyslhr ArgGLuAlal 
TKAGCAIGA ATCAGGAATC TIGGGAOCIT TACTTTATOG GGAAGTIGSA 
leSlnHisGl uSerGlylle LeuGlyPrdL euLeuTyrGl yGluValGly 
GACACACIGT 1GATEATATT TAAGAATCAA GCAAGCAGAC CATATAACAT. 
asjHhrLeuL eullelleFh eLysAsnGOLn AlaSerArgP rcOyrAsnll 
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ciiraac aBKra mgtocgioc TrrcraiTCA Aaasanac 1550 

eOyrEroHis GOyHefHirA spValArgEr oLeuCTyrSer ArgftrgLeuP 
O^AfiGGEGT AAAACKETIG AftGGftTTTTC CAMTCIG0C AQ®GAA&m 2000 
zoIysGtLyVa IDysHisLeu DysAspPheP zoIleLeuEr ccayGGLuIle 
TKKOTIA (SOGTBGAA GAK33G3C&A. CffiMiraa 2050 

IfretysTyxL ysTrptfhrVa lThrValdu AspGOyEroT hrLysSerAs 
TOCID33T3C CKaOCDXT AITftCICTftG TXTOSITAAT MGCSmSG 2100 
pPxoArgCys LeiflhrArgT yrTyrSerSe rPheValAsn JfetGLuftrgA 
ATCIftGCTIC QGOXTCIOC TCASCIGCIA CAASG&ftTCT 2150 

spLeuAlaSe rGlyLeuIle GlyPraLeuL eulleCysay rlysGluSer 
GEftGfiTC&&A (SmgHHTCA G&CftACSGCS^ AIGIQ^KTT 2200 

ValAspGOLnA rgGly&snGl nlleSfetSer AspLysArgA snVallleLe 
GTlTIUlLim TTTGAOGAGA ACCGAAGCIG GEraOCA GAGAATATAC 2250 
uEfoeSefVal PhekspGluA snArgSerTr pTyrLeuOhr GluAsnlleG 
M03CTITCT CDOC&ATOCA. GCK3G&GTGC AGCIIGAGGA TOOmSTIC 2300 
lijftrgPheLe uPraksnPro AlaGOLyValG InLeuGlufts pEroGluRie 
G^QCXTIDCA iOOCKIGCA. Q^GOHC&AT QOCTAIGTIT TIGATAGTTT 2350 
GlnAlaSerA snlldMetHi sSerlleAsn GlylyrValP heAspSerLe 
GOOTCfrcA omumGC ATCAG3IG3C ATACIQSIAC fflMQa 2400 
uGanLeuSer ValCysLeuH isGluVal&l aTyrTrpTyr IleLeuSerl 
TTQGftGCaCA GACT30TC CITICXGIOT TCT1C1C1GG MM^OCTIC 2450" 
leGlyAlaGl rfThrAspPhe LeuSerValP hePheSerGl ylyr*EhrPhe 
AftftCBC&ftAA. TOGTCEKIGA AGBQOCIC iOXTATTCC CATICTCftQG 2500 
D/sHisLy^I etValTyzGl uAspliirLeu 'EhrLeuPbeP roPheSerGl 

i^mftMGic TomiGKm tggaaamtc aggtctkigg aeictoqqst 2550 

yGliflfrzVal Phe^fetSerM etGluksnPr oGOyLafflp IleLeajSLyC 

gx^caactc M^cmoss asc&gagqca igotgccit mks&aqsit 2600 

ysHisAsnSe rftspFfteftrg AsnAzgGlyM etahr&laLe uLeuLysVal 
TCESGTIGIG ACAZ^aaCAC TOGIGATTAT TA03AQ3ACA GTEA3GAAGA 2650 
SerSerCysA spIysAsrflh rdyAspIyr TyrGluAspS erTyrGluAs 
TOTITCftQCA- BO'IGCTGA GXAAAAAC&A TCOGATTGAA OCAAGAAGCT 2700 
pIleSerAla lyrLeajLeuS ertysAsnAs nAlalleGlu PraArgSerP 

TICAfiGftCAC GGTAGCACEA GGCAAAAGCA. ATTEAATOOC 2750 
heSerdiiAs nSerArgHis PraSerThiA rgGlnlysGQ. nPheAsnAla 
AOCDCAOCAG TCTTGAAAOG (XATCAAOGS GAAATAaCTC GI5050CT 2800 
HirProProV alLeuLysAr gHisGlnArg GluTLerEizA rglSbrlhrLe 
TCM3ICAGAT CAAGAGGAAA TIGACTA3GA TGATAOCAIA TCAGTIGAAA 2850 
uGlnSerAsp Gln^uGluI leAspTyrAs pAspThrlle SerValGluM 



3/25 



VXU IMS JfCl'/USUU/2&££l 

(j§: FIGURE 1 (cont) «§) 



o 



10 20 30 40 50 

1334567890 1234567890 1234567890 1234567890 1234567890 

0C5&GAAGG&. J^aTITKaC ATITAIGAIG AQ3MK3&A& TCAGSQCra: 2900 
etlysLysGGL \j&££PheAsp IQeflyrftspG luAspSLuAs n&LnSerPro 

oscaocrnc aa&ag&aa&c josoctet titatigoig cagiqgagag 2950 

AzgSerPheG lnlysDysTh z^r^tLsiyr PhelleAlaA laValGLuftr 
OIECIGGGAT IBIQQGKIGA. GTBGCICOX ACMiUriCIA ASyyOQGG 3000 
c^LeiflipAsp TyxGlyMstS erSerSerPr cHisValLeu ArgftsnArgA 

crcaGAGiGS camiGiaxT cbgotcaaga Muriurrrr (raQGamr 3050 

laGOnSerGl ySerValPro GlnFhsLysL ysValValTh eGlnGluPhe 
ACKSflGQCT CLT1TAC3CA GOXTMEfiC OG0X3GAGAAC TftAftlKS^CA 3100 
ThrAspGlyS erPbe?IhrGl nPixLeuTyr ArgGlyGluL eu&snGluHi 
TTIGGGACIC CT39930CAT ATKmaGftQC AGAAGTim& GAIAAIATCA. 3150 
sLeuSLyLea LeaXxLyProT yrlleArgAl aGluValdu AspAsnll^i 
TOCTAACTTT CAGAAMCAG QXTCTOGIC GCTATTOCTT CJLM'ICUAQC 3200 
etValThrPh eAxgAsnGln MaSerftrgP roOyrSerHi eflyrSerSer 
CTJMT1C 1 T ATGAQS&GA TCaGBGGCftA GGAGCAGAAC CEAGAAAAAA 3250 
LeuIleSerT yrGluGluAs pGlnArgGln GlyAlaGluP roArgLysAs 
C 1 T 1 G 1C A AG CS3CAMGAAA, (XS^AACITA CTITIGGAAA GIGCAACATC 3300 
riEheValLys ProAsnGluT hrlyslhr^y rPheTrpLys ValGlnHisH 
AECKIGQCAOC CACI1AAAGAT GAGTTIGACT GGAAAGGCIG GQLT1MT1C 3350 
i^fetAlaPr c^IhrLysAsp GluHieAspC ysLysAlaTr pAlalyrEhe 

AOCIGGAAAA AGA3UIGCAC TCAGGGCIGA TIGG&OOQCT 3400 
SerAspValA spLeuGOLxjLy sAspValHis SerGlyLeuI leGlyProLe 
1L1GGTCIGC CACACTAACA C2OGAAQ0C 1GCTCA1GGG AGACAAGTGA 3450 
uLaiValCys HisTftnAsnT hrLeuAsnPr oAlaHisGly ArgGlnValT 
CSGTACAGGA ATHGCICIG TITTItaOCA TCTTIGAJGA. GAGCAAAAGC 3500 
hzValGlrsGl uPheAlaLeu. H^sEbeflSirl leHieAspGl ifflrrTysSer 
TQSTACITCA. CIGAAAAIAT GGAAAGAAAC 1GCAGG3CIC GCIGCAATAT 3550 
TEEflyrESiea? hrGLuAsSfe tGluArgAsn CysAzgAlaP roCysAsnll 
OCAGAIGGAA GAICDCAdT TTAAAGAGAA TEKKX3CT1C CA3GCAATCA. 3600 
eGQiflfetGCLu j^PrtfQirP heLysGluAs rflyrftrgPhe HisAlalleA. 
JflggSEBCBT AA3G3ATACA CTAOCIGGCT TAGTAAIGGC TCAGGATCAA 3650 
snGGLylyrll ^fetAsplhr LeuProGlyL euValMetAl aGLnAspGln 
AGGATTOSAT GGTATCIGCT CAGGAIGGGC AGGAAIGAAA ACATOCKITC 3700 
ArglleArgT rpOyrLaaLe uSerMstGly SerAsnGluA snlleHisSe 
TMi'lUtfiTlL' AGTGGACATC TGTTCACIGT ACGAAAAAAA GAGGAGTAIA 3750 
rlleHisPhe SerGlyHisV alPhsOhrVa lArgLysLys GluGluTyrL 
AAAIGGCACT GTEACAATCTC TATOCAGGTC TTTTIGAGAC AGIGGAAAIG 3800 
ystfetAlaLe uTyrAaiLeu lyrProGlyV alPheGliilh rValGluMet 
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^FIGURE 1 (coot.) ^ 
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•naOC&iaCA mSJKXS&r TK330QQGIG GkMG0CTI& TTQQOSaGCA 3850 
LeuProSerL ysAlaGOyll elEqaftrgVal G^CysLeuI leSlyGluHi 
TCEOIGCT CaCLTlTlLT GSIGEOQC AATAAG?K5IC 3900 

gLopH-ip&ia GlyMatSerT hrLeuFheLe uVallyrSer Asnly^ysG 
££3£?I0CXrT QSS&ftUGQCT TCIOSACACA. TIBG&GATTT TC^TIACA 3950 
liflhrProLe uGlyfrfetAla SerGlyHisI leArgftspPh eGlnTleflhr 
GdTCfiGCaC AAIRIGCaCA GIGGQCOXA J^GCTGQOCA GACTTCAITA 4000 
jOaSer<31yG MryrGlyGl nTrpAlaPro LysLeuAlaA rgLeuHisly 
TK3GGG&TCA ATCftftHQXT Q®QCAOCftA GGAQCX3CTTT TCTKSGftTCA. 4050 
rSerOySer IleAsnAlaT rpSerUirLy sGluProPhe SerTrpIleL 
JOSIGG&ICr GnGXBOCA MUAT1M"1C i£X3QCATCa& GAQX&QQGT 4100 
ysValAspLe uLeuAlaPro ttfetllelleH isGlylleLy £lSirt31nGly 
GGCOGflCAGA MTCTXAG OCICEACATC TCICAGTTm ICATCftlGIA 4150 
AlaArgGIiiL ysPheSerSe rLoilyrlle SerGlnPhel lelleafetTy 
T&GICTKST GGG&AGftAGT GOCftSOTA TOGftGGAAKT TCX^CTS^A 4200 
rSerLeuftsp GlyLysLysT rpGirflhriy rftrgGlyAsn SerHirGHyT 
OTTftKIQGT CITCITIQGC AKKxDQGATT CATCK393AT AAAACACAAT 4250 . 
hrLeuMstVa lPhePbeGly AsnValAspS erSerGlyll eLysHisAsn 
jflTmaAOC CTOO^ITftT TQOTOSmC MUUU1T1UC AOX^ACIGA. 4300 
IleEfoeAsnP roProIlell eAlaArglyr IleArgLeuH isProflhcHi 
TISfflftQCftTr OGQ^GCZOC TKX3CKIQGA GTIGA3QG9C TOIGATIT&A 4350 . 
siyrSerlle AcgSerTSirL euAr^fetGl uLeubfetGly CysAspLeuA 
jflBGTIGCaG CAIGOC&TIG QSftAlGGftSl GIftaftQC&aT 4400 
snSerCysSe risfetEcoLeu GlyMetGLuS erLysAlall eSerAspAla 
CKHnMG CTICKrCCrA. CITTAamAT MGITIOCCA CXTGGflUIDC 4450 
GtaTL^IbrA laSerSerly rPhsOSirftsn JfetEheAlaT hrTrpSerPr 
TK3&AaGCT aaCTKSCC TOCSftQQGBG G&CTAAIQCC TG3AGAQCTC 4500 
oSerlys&La ArgLeuHisL euGHrtSlyAr gSerAsnftla TrpArgProG 
^GGKaMmA lOTAASGAG TOQCIQCAftG TOCSOT0CA 4550 
InValAsnAs nPraLysGQLu TrpLeajSlnV alAspEbsGl nLysThrMet 
AftftGIOOG (SOAftCIAC TCAQGS^3IA AAMCICIGC TEAC3CAGCAT 4600 
lygValUirG lyValHirlh rG3.nG1yVal LysSerLeuL eu3hrSei±fe 
GIMGIG^G TCKX^QCAG TCAftGAIQ3C CATCAGIGGA 4650 

tTyrValLys GluPheLeuI leSerSerSe rGlnAspGly HisGlrfEcpfT 
CICI UI'l'l'l'l ' TCRGAMIG3C AAAGTAAAQS 'ITiTlCAGOG AAftTCAAGAC 4700 
hrLeuPhePh eSlnAsnGly LysVallysV allheGlnGl yAsnGlnAsp 
TOCTIC30C CK5IGGIGAA CTCICEAGAC CCftOXfriAC T3ACT33CTA. 4750 
SerFh^IhrP roValValAs nSerLeuAsp ProPzoLeuiL eu33irftrgTy 
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OCTTCGAKTr O£C0CX3¥3A G?ITG3GfIQCA OCaGATIQCC GKSBGGftTOG 4800 
rLeuArglle HisEroGCLnS ecTcpValHi sGQrilleAla LeuArgMstG 

AQgncIQQG CPO&CCTCT QCGSGl'lLTr 4850 

luValLeuGl yCysGluAla GQiAsgpLeifr yr. . . 

CKaGQGGAT 033CAATAAA AftGfiCKGAftT AAAAOQCAOG QGIGTK33GT 4900 

OgrnGfrKB GAIOTG&IC TAGGAftCOOC GITCGOCfiCr 4950 

OCX3CICK3C Q03C3XX3CTC QCTCfiCIGfiG Q00Q0009QG CAAftGOOCGS 5000 

QOaiCQQGOGf AXTTIQ3IC G03CX3GCCTC 03K3030XA 5050 

GAGfiQQGfiGT GOOCAftOCO: OOCCCCCCCC (XOCIQCAGC OC^QCIGCftT 5100 

TftKIG&KIOG GOCAACQCGC G33GM3X33C G3ITIX303IA TIG3333CTC 5150 

r nrrrgiTCC TO3CTcacrs aciOGCiqas ciagsrosrr aaociqcGQC 5200 

r^nrcnrnrc- ancrcaciCA aaoacmrAA tao3C?itajc qogamcr 5250 

(TCraTAACG (^nSAA^CAA CAIGIGAQCA 2KMSS0C2GC AAAfl33CCEG 5300 

AAftrrEiaAA AftogaoGCpr iQarogogrr titoc^mg crooaaoooc 5350 

rTCftQGaOCA Tr^rAAAAAT QOGAAACXXX3 5400 

AfwyarTAT AAanftTfiOCA GQOsrriacr: masaaoCT (XCTOGHgcg 5450 

(?u?imiuiT rraaoogroc ogcnaco33 flraccroirr qoctitcicc 5500 

moaaGAaP rmmigciT tcicaajxt cftoacroiaG gtcajuicagt 5550 

TrasiGiaGs mrnriagcTC CRftQcrogGC tctctocaos aaixdcocct 5600 

TraomcGftC rrrnmrcr tatoj3Gte!aa cmrosiCTT g^giccaao: 5650 

msraaGftCA rranrraiOG agoaocaG caoocACiGG TAAcaQG&Tr 5700 
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agcagaqcga. <jjim\jw33 CQGnmcacA. GaoncrrG^ agtogigqct! 5750 

TOOOSGAA QSOglMT TOSDftTCIGC Q2TCIQl r lVjA 5800 

AQOCaGITAC CTTOGGAAAA. AGAGTIGgm GCICTIGATC 03GCAAACAA 5850 

AOCAOJ3CT3 GTAGOGGIGG TrmTlOlT TOGAflQCSQC: ASVITAOaOS 5900 

CW3AAAAAAA GGATCTCA^G AAGATOCTTT GMLTl'l'lLT AOQQQSnrTC 5950 

AQXTCftGIG GAACCgAAAC TCaQjlTAAG (JjfflTi,'im CAIGftSATIA 6000 

TCAAAAflflGA. TCTICftOCIA. GAIDCTITrA. AATTAAAAAT GAA GTITIA A, 6050 

ATCAMCTAA A5IATATATC ^GIAAACTIG GICIGaCECT TA QCAATOfTF 6100 

ylGellreS 

TAATCAGTGA. QQGAOCTATC TCBGOGATCr GICTATITOG TICZflECAIEA. 6150 
ueL. . .siHo rPlaV. . .gr AueLreSgrA. psAellulGn sAteMprTue 
GTIGCCIGAC TOOCXDSIOSfT GTAGATAACT ACGATAOQQG AQQGCTEACC 6200 
InlGgrAlaV ylGgrAgrAr hTreSueL. . .reSlaVorP orPreSlaVt 
ATCIG9C03C AGIGCTGCAA 1GATA03303 AGAOOCAOaC TCA003GCTC 6250 
^folGylGpr TsiHnlGueL reSlaValAu eLylGlaVre SlaVorPulG 
CAGATITATC AGCAATAAAC C&3CX2GCD3 GAAQQQOOGA GOGCAGAAGT 6300 
ueLnsAellu eLoeLueLyl GaLAueLgrA. ehPorPgrAa lAsyCehPsi 
GGTOCIGCAA. dTlM033C CTOCmCGAG TCIATEAAIT GTK3CD9QGA. 6350 

HpsAnlGueL syLellgrAg rAprTylGrh T nsA nsAylGorPu 

K3CM3&m N3mSTKX3C CAGTTAATAG TITOOGCAAC GTIGTIGCCA 6400 
eL. . .ueLue LryTnsAalA ueL. . .ryTn. sAalAsyGgr AnlGnlGprT 
TK3CTACAQS CA1031T2GI G TCAOXJOa? 03TTIGG?EAT GJLT1L!A!1'1L ' 6450 
nlG. . .ueLs yOgrftorPrh T3aVreSrfcJT i±TnlGryIb rPsyLteM. . 
mUUQGHT OXAA03ATC AAGG03AGIT KKTGKFCCC GCAIGTIGIG 6500 
.reSgrftnsA. ylGlaVellu eLalAueL. . .teMallylG pzTriiTrttrs 
CAAAAAAGOS GITAGCTOCT TOGCICCTOC GAIOGfTIGIC AGAAGEAAGT 6550 
yCehPuelor P. . .reSgrA grftpsAulGr eSgrAnlG. . .ehPryTrttr 
TOQOOaCAGr GITA3CACIC ATOSTEATOG CAGCACIGCA TAMTCICIT 6600 
orPgrAueLr hltelllaV. . .orP. . .orP ueLlaValAr yTnsAulG. . 
ACIG1CATOC CATOOGrAAG ADSLTITILT GIGACTG3IG AGTACICAAC 6650 
.nlG. . .alA tefc^rAueLe llreSsylnl GreSnlGsiH rhlreSueLp 
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CaaGTCEPIC GEATOD3333 imaGTTQC TCTD3CCCQ3 6700 
rTdHt^r AueLellritf ryEalAalAl aVreSnsAne SsylylGorP 

CSTCAKEACG GG&iaaiftCC GCKS&CTIT 6750 
iMtaelJaVo rPrylty'Itir AalAlaVcyT syCehPsylAi eLueLalA. . 

AACGHCTIC QGGQOGAAAA CTCICAAQ3& TCTTftOCQCT 6800 

nlGehP la\fasAsyLo rPalAehPla VgrAueLreS grftlaValAr 

GTIGAGATCC AACDCACID3 TCCAOO^AAC TCAICITCAG 6850 
hTreSellpr IhsAreSrttT laV^rTulGs iHlaVprTre SellsyLueL 

CATCirrrAC titcacckgc omuioosr gaqcaaaaac agsaaqqcaa 6900 

t^feyL. . .s yL. . .prTgr AsyLnlGr±iT ueLueLehPu eLehEalAdi 

AAAAGGGAAT 033AAKIGIT G&AIACICAT 6950 
PsittjrftueL ehBcorBeiiPu eLorPreSla VceSellnsA ehPlaV. . .1 

jOCITOCTT TTICAATATT AITC&AGCAT TATIGICTCA 7000 

TGB3033AIA. C&TATTIG&A. 'lUiAlTJJfiGA AAAAIAAACA AATAQ39GfIT 7050 

OD333GACAT TIOX303AAA AGIQOCAOCT GACX3ICEAAG AAAQGATIAT 7100 

TTAACCIAIA. AAAATAGQ03 TATCA03AGS OOCTTICGIC 7150 

TOG0303ITT 03G?IGftIGAC G3IGAAAACC TCIGACACAT GCAQCICD03 720O 

CAGCTIGICr GTAT^QCQGAT QCX33QGAQCA. GACABG000G 7250 

TCAG330303 TCAQ0333IG TIQ3039G7IG TOGQQQCIQG CTEAftCEftaG 7300 

OaQCMXaGA. QC2^GMl'lUiA CT3RGSGIQC GIGIGAAMA 7350 

CCDCaCfiGAT G03IAAG3AG AAAAEAOCGC MGfiG GAART TCfTAAACCTT 7400 

AATATTTiar TAAAATI03C GITAAAJTIT TCITAAATCA QCTCfiTITTr 7450 

TAaocaaaan qctgaaatog qc^aaajox tiataaajca aaagaatas^ 7500 

OJGAGaTftQS reTTCAfllGTT CTID2£GTTT QGAACAAGAG 7550 

AAGAAOGTTXy ATTCCAAOGT CAAAQ3905& AAAA003ICT ATCftGQGOGft. 7600 
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TOOOCfiCm CGK3AACCAT CACCCTAMC AamTl'lTlU QOSIOGAQSr 7650 

(rmEAAaog actaaatcqs a&arTAA&G QgaoooocoG MnaGaocr 7700 

iramaQGgA jOOCQGOSAA. OSIQQCGAGA. AAQ3^Q33& AG&AAQQGAA 7750 

MMffl: QCTftOGOOGC TO3CAAGICT AQ033ICA03 CT50303TAA 7800 

nrancacAQC qgaoaGQCTr aatoo30oqc T?omm: GroooaogaT 7850 

TnrCATICA CICTIQ3GAA Q99dgfl033 IGOaaQOCTr 7900. 

TOnacTArm oajcaGCios cracaQQgQG oooggggggG oasr 7944 
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FIGURE 6 
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roaocacia: ctcicigosc cetogougc TCacrasogc oooooGaacA 

AftflGflOaoaC GPO30CO33G GrrH300O3S QOGQCCICftG TCBGOGaGCG 
AXECGCftGA (X3^CIDCAT CACEAQ333T TCTCSGATC 

•lUmCEAftS TAAACAGEAC MGAftDCTIT AOCmGTIQC TOQQC&aaGG 
CCTOGflCTOT GCTAMGIT TOCHGAD3CA AOXOC?OG QCIGGGHZTT 
GQOCKEfiGaC CftTCaGOQCA TGCGSATCTC A3K3T3GfTIT TOCMGfiGGA 
AQCAAAAftQC ClCmCCC ASXCIGGftA TCITIOC?£C CAATCTCGftG 
TIGCAMGG AAGCAAAAAG OCTCKX2ACC CAQGOCIOGA 



cia^ocia; a^gtacttc tms&ktzcg n30ow3^a 

MstGln 

iOOOQCIG CTITCIGIGC CrriTOCXXT TCfiGOCTEftG 
yj^hcCysCy sEhsLeuCys LeuLeuProP heSerLeuSe 
AAAIACE?£C TO3SIGCBGT QGAACTCTCC TOQSACEATA 
LysTycTyrL euGQyAlaVa lGluLeuSer Tr^AspOyxM 
GCIQCTCfiGT G0QCIGCAO3 CTmLTl OC 
pLeuLeuSer AlaLeuHisA laAspdhrSe rPheSerSer 
GaTCTITCCC TCAGICAOGfT iO£&AB3aC 

lySerLeuPr oLaflhrlhr SetVallhrT yrftrgLyslh 
©GTHWaG AIGAULTJLTi 1 CaAOfflTCOC AMOCCBSGC 
QLuEheJIhEA spAspLeuPh eAsnlleAla IysProArgP 
G33XIGC1G QGTCCTAO^ TOCaGGClUA. OaiTlMCjA C 
tGlyLeuLeu GO-yProOhrl leGlnAlaGl uValTyrftsp 
T1U1ULTJAA GftftCMQaCT TCICftlCCICj TCBSOCnCA 
leValLeuLy sAsritfetAla SerHisProV alSerLeuHi 
UlMUL'imT GG&ABQCTIC 1GAft3SIQCT 
ValSerTyrT rpLysAlaSe rGluGlyAla GluTyrGluA 
OCAAAfiQSftG MQG&ftGftIG M5V^K3IGAT ICCTGGflGAA 
rGOLriCysGlu LysGluAspA spAsnValll eProGlyGlu 
MGTCIGQCA GSIOnGAAA CAATOGOCIC 
yrValTrpGl nValLeuLys GluAsnGCLyP rofcfetAlaSe 
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■H5ICTCSOCT ACIC&TATTT TTCAC2D2IG GA0CIG3IGA AAGACXJIGAA. 1000 
CysLsfliirT yrSerTyrPh eSerHisVal AspLeuValL ysAspLeuAs 
TTCAGGOCTC AIIGGAGOaC IQCnOSTTIG CAAAGAAG93 AGTUIGQGCA 1050 
riSerGlyLaJ. IleSLyALaL euLeuValCy sLysGliaSly SerLeuAlaL 
MGAA&Q3AC ACaSAGCTIG CAQGAATTTG TOCI^LTITl' TOCTGIATTT 1100 
ysGluArgTh rGlrfSirLeu GlnCTluEbeV alLeuLeuIh eAlaValEte 
GA3GAAQGGA AAAGTIGQCA CICAGAAACA AAIGOSDCTT TC&CACAGGC 1150 
AspGlii3-yL ysSerTrpHi sSerGluIhr AsnAlaSerL eajOhrGlnAl 
IGAGQOaCAG aOGAQCIGC P£KEKFC£A IQQCTftlGIA AACAQGICIC 1200 
aGluAlaGln HisGluLeuH isThrlleAs nSiyiyrVal AsnArgSerL 
•KJOCAGGICr TACIGIGIGT C&C&AGAGAT CAGICTAT1G GCA3KSGATT 1250 
euProGlyLe uDEhrValCys HisLysArgS erValTyzTr pHisValXle 
GGAKIG3GCA OCAOCOGaSA AGIGC&CICA AiTITlCIOS AAQG?ICACAC 1300 
GELy!>fetGlyT MhrProGl uValHisSer IleEheLeuG luGlyHi^Ih 
MTTCTIG1G AQGAACCAOC GCTAQ3CCIC CITGGAGATC TCACCAATIA 1350 
rEheLeuVal ArgAsriHisA rgGOuAlaSe rLeuGluIle SerEroIleT 

cnrocnac toctcagaca ticcigaigg aoctig30Ca urnuras 1400 

brEfaeLa£Ei rAlaGlrflhr PheLeuMetA spLeuGlyGl riFheLeuLeu 
TTTTG1CATA T03CTTOCCA 1CAACA3GAT GSEA3GGAAG CTEA3X5ICAA. 1450 
IfosCysHisI leProSerHi sGlnHisAsp GlyfcfetGluA IcflyxVally 
^^GATAGC 1G00CAGAGG AACQOCAGCT GCX3CA3GAAA AATAATGAAG 1500 " 
sValAspSer CysEroGluG luProGlnLe uArgMetLys AsnAsnGluA. 
^jEAAAGATEA TGA3GA3GGT CTTTAIGMT CCGACA!IGGA CGTAGTTBGC 1550 
sptysAsEOy rftspAspGly LeuiyrAspS erAspbfetAs pValValSer 
TTTGA0GAGG ACEGOECITC TOX3TEATC CAAATOGGCr CAGTIGaSAA 1600 
Efoe&^AspA spSerSerSe rBraEfoeXle GLnlleArgS erValAlaly 
GAAGCHIOCT AAAACTIGGG TOC8CEAIAT TX3GCIGAG GAGGAGGACT 1650 
sL^sHisBro ]#slS3rTq?V alHisiyrll eAlaAlaGlu GluGluAspir 
GGGACTAIGC TCXOTCAGGC CDGAO00CCA AIGATAGAAG TC&EAAAAAT 1700 
rpAsgflyxAl aEroSerGLy ErcOhrPraA. snAspArgSe iHisIysAsn 
C 1 U MI T 1 GA AGAAIG3IOC TCAGOSGAIT G3TAAGAAGT AC^AAAAAGT 1750 
LaSTyxL&jh snAsnGlyPr oGOnArglle GlyLysI#sT ycLysIy^a 
OCGA 1T1U1 G QCA32AGACAG A3GAGACA1T TAAGACIOGr GAAGCTATTC 1800 
lArgEheVal AlaTyrlhrA spGOLtffiirEh elysIhrArg GOLuAlalleG 
AGMIGAATC AQGAATXTG GGAQCTTTAC TTTA3GGAGA, AGTIGGAGAC 1850 
IriTyrGliaSe rGlylleLeu GELyProLojL euTyrGlyGl uValGlyAsp 
JOCIQCIGA TTKrATTEAA GAAICAAQOC AQOCGGOCftT ATAACAICTA 1900 
HirieuLeuI lelleEfreLy sAsnGLnAla SerArgEroT yrAsnlleay 
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OOCICAJIGaS ATCAAIIAIG TCACTCCTCT GCaCACAQQS 2G&IIQ0C&k 1950 
rEcoHisGly IleAsnTyrV allhrPDDLe uHi^QirGOy AcgLaaProiL 
J^QGOGIGAA. JOITTGAAA. G&EKTOOCaA. TTCIQ0CS333 jmSffiKTIC 2000 
ysGQyVcdLy sHisLeuLys AspJfetRrol leLeuProGl yCILuIlePhe 
MGrlATAAAT QSEAGAAS^T G©QCBACm AATCAGAIOC 2050 

LysftyrLysT rpdhrVallh zValGluAsp GlyPrcCQizL ysSerAspRr 

T3GGIQ0CIG AaoosAnarr jocaaqcit catiamcig csmacsrc 2100 

oArgCysLeu OiiritegTyzT yrSerSerPh eELeAsnLeu GluArgAspL 
TM3JTTCM33 ACIGATTOX CCICITCICA. TCIQCIACAA. i^MCIGm 2150 
euAlaSerGl yLFnTlfffily RrdLeuLo.il leC^STyrly sGluSerVal 
OKSMfflG <3*AA0CA(®T (aTCTCAOC AAG&GAAAIG TX^TOCKSTT 2200 
AspGinArgG lyAsnGOLribfe tMetSerAg? LysArgAsnV alTLeLeuEh 
TIUIGEATTT OCICACAS^G AATA3QC^C3C 2250 

eSerValPhe AspGluAsnA. rgSerTrpOy rLeuIbrGlu AsriBfetGQrik 
GCTTOCTOOC CAA2GCAGAT GIAGIGCAGC GrailGACDC AG&GTIOCAA. 2300 
zgPheLeuPr oAsnAlaAsp ValValGOLriP rcHisAspRr oGluPheSln 
CTdCEAACA TX^IGCACAG CATCAAIDQGC TAIiUlTlTIG AGAACTIGCA 2350 
LeuSerAsnl leMetHisSe rlleAsnCSLy TyzValPheA. spAsriLeuSL 
GCIGJOGkFT TSITIQCATC AQGflQGSCGIA CT3GIACATT CT&AGIGITG 2400 
riLeuSerVal CysLeuHisG luValAlaTy rTrpiyrlle LeuSerValG 
(SGCACaAAC TC&CTICCIG TCIU1LTJLLT TCICIQGATA TACCITCAAA. 2450 
lyAlaGOjflh rAspHieLea SerValPheP heSerGLyTy rTSirPheLys 
OO^AAATOS TCEA3GAAG& OOOTAOC CTCTIOOCAT TCTCAQGAGA. 25(X) 
HisLy^fetV aliyrduAs ptthri^edlbr LeuPheRroP heSerGLyGl 
MCIGICITC MGIG^ATOG AAAAOOCAGG TCIGIQ3GTT CIGQGSSIGaC 2550 
infrtffalPhe MetSerfYfetG luAsnProGl yLeufEcpV&l LeuGOLyCysH 
JO*ACK3*GA OTID3M: 3!3*GGCA!K3^ CBQOCTEACr GAAQGTTTCT 2600 
isAsnSerfts pRheArgAsn ArgGlyfcfetT hrAlaLeuLe uLysValSer 
jfcGnGEAACA, GSAACftTIGA TSffraTTAT GAGG&CACAT ACGAAGAIEAT 2650 
SerCysAsnA rgAsnlleAs pAspTyrTyr duAspTfrcT yrGluAspXl 
TCXaACTCXT CIGCTAAATC AAAACAAIGT AATEAAAOCT SS&GCTICr 2700 
ePrdlhrPro LeuLeuAsnG luAsnAsnVa llleLysPro ArgSerRheS 
OCOKaAIIC AAGQCAQQCT AQCACD^AQS AAAAGC&ATT GAAAAIGAAG 2750 
erQnAsnSe rArgHisEco SerlhcLysG luLysGOHLe uLys&fetLys 
ASG&AGflT TTGACKTCTA OQQCGACEAT GAAAATCAQG 2800 
ArgGlu&spP heAspIleTy rGOLyAspTyr GluAsnGlnG lyLeuArgSe 
CmCAAAAG AAAACAOGAC AJiJMlTlCAT GaGCGICILT 2850 

rfheGQiiLys LysIhrArgH isiyrPhell eAlaAlaVal GluArgLeuT 
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Q3GAIIB1Q3 GA1GAGTAGA TCTO0OCMA TACI&AGAAA. 2900 
rp&spOyzGl yMstSerArg SerPrdHisI leLeuArg&s nArgftlaGln 
&3I0933A3X3 TO2AGCAGTT Qyffi&AQSIG GTTTTOCftQG MTTiacna 2950 
SerGGLyAspV alGliiGlriFh eLysIysVal ValFheSLnG luEfrgBir&s 

Tssmxrrr joeaGOCcr rammras ^gaacts^t gaacactigg 3000 

pGlySerEhe ThrOlriEEDL eailyrftrgGl yGluLeuAsn GOLuHisLeuG 
GSOCTIQQG GOCAIATAIA. AGAQC£GAAG TIGAAGACAA TAIOSIQSm 3050 
lyLeuLeuGl yEctflyrlle ArgftlaGluV alGluAspAs nlleValVal 
iOTTCAAAA AOSGQCCIC 1D3IO0CTAC TCTIUEATT CTAGICTTAT 3100 
TSirltoelysA snGOnAlaSe rftrgPcoTyr SerEfaeOyrS erSerJjsuIl 
ITCTEAIGAC G&AG&K3AQ3 (SOaQSAQC ASy£3CT&GA ^C^AGrnG 3150 
eSerlyrftsp GluAspGluG lyGlrtGIyAl aSLuProArg ArgLysEheV 
TC&AQXIAA TC&AAOCAAA ATTEACITIT Q3^AAGIGCA 3200 
alAsriFraAs nGCLuIhrlys IleOyrFheT rpLysValGl riHisHisfcfet 
GCa0X2OA AAGA11SGIT 'IGACIQCAAA G0CIQ3QCIT ai ' lTl'lUIUA . 3250 
AlaPruThrL ysAspGluPh eAspCysLys AlaTqpAlaT yrHieSerfts 

TCrTrcarriG gagaaagatc tocsocags ctigatiqga od xtiu i ua , 3300 

pValAspLeu GiluLysAspV alHisSerGl yLeuIleSLy EcoLeuLeuI 
TCIGCD3GAG TAAC20OG AACOTGCIC A3X3QG8GACA AGOXffiCAGIG 3350 
leCysArgSe rftsntthrLeu AsnEroAlaH isGLyftrgGl nValUirVal 
O^GGAGTTIG O0C?IO3nTT CACTATATTC GMGAGACEA AG&GCIQSIA. 3400 
GlnGluFheA laLeuValPh eOhrlleFhs AspGlulhrL ysSerTcp/Iy 
CncaCKaA J&CCT3GAAA. GG&ACIGiaG AGCT00C1GC AKIGICCftGA 3450 
rEfoeOChrGlu AsnLeuGluA rgAsrCysAr gAlaBroCys AsnValGlnL 

masm: taj^iciaaaa, gaaaactio: gctiocaigc j&tc&aosqc 3500 

ysGiuAspEr cflMjeulys G3.uAsriF3ieA rgEfreHisAl aTLeAsnGOy 
IMQUS^QS M303X ATO3CICAGG ATC&AAAG3T 3550 

lyxVallysA spftMjeuPr oGlyLeuVal MetAlaGlnA spGQriEysVa 
TOSOK3SEAT CIGCTCBGC& OTMA OGAAAftCKET CMTCC8TTC 3600 
lAxgTcplyr LeuLeuSerM etGOySerAs nGluAsnlle HisSerXleH 
ACTKSGK3G ACKIGIGITC iOGTACGGA. AAAAAGAGGA. ifl3£fcAAA!IG 3650 
isEheSerGl yHisValEhe TSicValArgL ystysGluGl iflyrly^fet 
G^GTCTACA JCCKnMOC AGGTGTTTIT GAGACTGIGG AAATCOTAOC 3700 
AlaValTyrA sbLeuIyrEr oGGLyValEbe GliflhrValG luBfetLeuEr 
MOXAAGIT G3AATCIGGC 03¥EAGAA3G CCITATCGGC G&GCAOCIQC 3750 
oSerGlnVal GOyllelfcpA rylleGluCy sLeuIleSly GluHiSLeuG 
AAG3033GAT GAQGACICIG TnUlGSDST AC7M3CAAGAA GIGTCAGACT 3800 
InAlaGlyMe tSerlSirijeu HieLeuValT yrSerD/sLy sCysGlrfEir 
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CGOQQCm TCGCTTOOQG ACACATEAGA CaTITICAGA ITACBQCITC 3850 
ErotoGlyM etAlaSerGl yHisIleArg AspPheSLnl lglhrftlaSe 
2QSOAEAT GGBCAGIQQG 033C&AAQCT Q30C2ASOT CKTEETOCSG 3900 
rGlyGlniyr GlyGlrffirpA laProLysLe uAlaArgLeu HiSTyrSerG 
GATCAATCm TGCCK33X3C AOCAAQSOC CCITTTCCIG GATCAAGGTG 3950 
lySerlleAs nAlaTcpSer TbrLysAspP roPheSerTr pIleLysVal 
GKIUIUJL'IOS CZ033A2GAT TATICAGGGC MCATCADOC AQSOGGGOOG 4000 
AspiLeuLeuA laPrcMetll elleHisGly IleMetHiiG InGlyAlaAr 
(XEGAAGTIC 1O2AG0CTCT A03IGICICA. GITTATCATC A3GT&CAGTC 4050 
gGlriLysEhe SerSerLeuT yrValSerGl nPhellelle MetTyxSerL 
TSSEOQCaA CAAGTOXfiC AGTEA003AG GMTOC GG3GA0CITA. 4100 
euAspGlyAs nDysTcpHis SerTyrArgG lyAsnSerTh rGlylhrLeu 
MQGflCITCr TIQ3CAACGr GGATICATCT GGGATCAAAC ACAAOAITrr 4150 
SfetValPheP heGQyAsnVa lAspSerSer GlylleLySH isAsnllePh. 

MTKITOCTC AGTACATOQ3 TITOCAGOCA ACDCA2TACA. 4200 
eAsnProPro IlelleAlaG lrHyrlleAr gLeuHisPro 'IhrHisTyrS 
GOflXXQCAG CACTCTICX3C: imSGBGCTCr TCGGCIGIGA CTKM3GT 4250 
erlleArgSe rThrLeuArg JfetGluLeuL euGlyCysAs pPheAsnSer 
TOOiGCATOC OGOTG3G3AT GGAGAGTAAA GCAAIATCAG A3GCTCAGAT 4300 
. CysSerMetP roLeuGay^fe tGluSerLys AlalleSerA spAlaGLnTL 

TOCEAOCEAA GCAGTA3GCT TODCACTIGS TCiaCITOOC 4350 
eOSirAlaSer SerTyrLeuS erSerJfetLe uAlaThrTrp SerProSerG 
MQOOCXSgCT QCACCIGGAG GQCaQSACEA AIGOCTGGAG AODICAQGCA. 4400 
iBAlaArgLe uHisLeuGln GlyArgThrA snAlaTrpAr gProGlnAla ~~ 
AAimAG3^A AAGAGTGGCT GCAAGIGGAC TTCD3GAAGA GCA2GAAAGT 4450 
AsnAsnBraL ysGfoiTrpLe uGlnValAsp PheArgLysT hrftfetLysVa 

Gacmaam adcagccagg gggigaaatc tctddtcatc aggaigtatc 4500 

MSizGLylle 'iMhrGlnG lyVallysSe rLeuLeuTLe SerMettyzV 
'I^GGAGTT GCTCMCKT AGTAGTCAAG MGGOCATAA. CIGGACTUIG 4550 
alD/sGLuPh eLeuIleSer SerSerGlnA spGlyHisAs riTrpTJicLeu 
T1TLTJLCAGA A3GGCAAAGT CAAG3TCTTC CAGGGAAACC GGGACTCCIC 4600 
PhdLeuGlnA snSLylysVa lLysValPhe GlnGlyAsnA rgAspSerSe 
OaSOCTSIG G3GAA0CGTC TOSAAOOCaC GCIGGIGGCT OGCTAOGIGC 4650 
zTSirProVal ArgAsnArgL eajGliiProPr oLeuValAla ArgTyrValA 
GCCIGCAGOC GCAGAQCIQG QCX3CAGCACA. TO3QOCIGAG GCIQGAGGTC 4700 
zgLeuHisPr oGlnSerTtp AlaHisHisI leAlaLeuAr gLeuGluVal 
CT3Q3CTGQ3 ACAOOCAGCA QCXraXSGA O003CX3XTC 1GQGGOOCIG 4750 
LeuGlyCysA spliirGlnGl nProAla. . . 
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tckxtctcc crcocraocc tciocdcgcg ggtidccaic AaocrmrcG 4800 

iflJaOCGIOGA. GOGAGITCrT CIGM3Q9GKT ASGACaGAftT 4850 

AAM03CaOG QGflCfnQGGfr 03ITIG?nCG GBTCCEGATC TfiGGAACOOC 4900 

TftGIGAIQGA GTIGGOCACT CDCTCICIQC QCGCTOGCIC GCTCftCIGftG 4950 

Q0030CXX33G CAAAG0CD3G QQ3TOQQQCX3 AOCTTIGGflC Q000390CTC 5000 

SGTCaGOSftG OSfiGOQCGCA G&GAQ3GAGT Q3OCAAO00C OOOOCXTDOC 5050 

CCCCTGCN3C raGCIQCAT TAAIGAMOG GCCAACG033 QQQ©GfiGQC 5100 

GGfmQOGflA TTG9303CIC TTO03CTKX: TOGCICACIG ACTOaCIOm 5150 

ClUJailJgIT OagCIQCGGC GaOQggCftTC aOCTCACTCA AaogGGGIAA 5200 

TACGGrTCftTC CACaGAKICA. QQGGAT&AQG CflQGAAAGAA CftlGIGaQCA 5250 

AAAGGOCftQC AAA&33CCAG G&AQCCTAAA AAGGJOXCT TOCT3Q05IT 5300 

Tnaaaaos cicroooocc ct^03aqca tcacaaaaat OGao3c?icaA 5350 

QQ3AAAQ333 ACftGGftCTAT N&GPHKTA OG03TYTCCC 5400 

CCIQS&aQCT OCCT33IQ0S CICT3CT3IT (XGaXCIQC Q3CTIgm3G 5450 

ATfiOJIGTCC QULTl'lL'lUC CTIQOgGftaG QjIQGCQCTT 5500 

CaogCTM GTAICICaGT TOG5IGI!flGG TO3TID3CIC CAAQCIQ93C: 5550 

TCTIGIQCaOG AAOCaXTCT TCaQCDJi^C 03CIt3Q3CCT TAJOJQGTCAA. 5600 

CTarogicrr GasrccAAQC cggf&pgpca osactiwids ocbciqqcrg 5650 

caocraciQG TAacaoGarr a3C2Gaqcga QgraiGiaQG 033iqctac& 5700 
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gagitctiga aoiGGiGQac: raagrafccr tacactaqaa raaramwrr 5750 

TOGraiCTGC GOTCTGCJTGA N30C?GVJ^C. CTiraSAAAA arafSTTtCT* 58Q0 

Qjiui-iuflTC ogocftAacAA. Aa^rrrrc GraflggsnrgG ti'ititiu'it 5850 
TOcaaocfto c agattatgog cagaaaaaaa. QGarcrcAAG AaoAJOcrrr 5900 

GKILTITIUI' A0GQ35ICTG AOGCTCWTin G&AGGAAAAC TCAOQTTAafl 5950 

QGftTITIGGT CAQT5AGATTA TCAAAAAGGA TCITCAHTTA GATOCTTITA 6000 

AftJTft&AAAT GAAGTFTTAA ATCAATCTAA AGIATATATC? AGTAAAC r T T rG 6050 

GICIUACAGT TAnTAATOTT TAATCAGTGA QGCftDCIftTC TCAGOGATCT 6100 

ylGellreS ueL. . .siHo rPlaV. . .gr AueLreSgrA 
GICrftTITOG TICAIOCATA GITOOCIGAC TCQCOGIDGT GTAGATAACT 6150 
psAellulGn sAtei^rTue InlQgrftlaV ylGgrAgrAr hTreSueL. . 
A3GKEACX33G AQQGCITftOC ATCIQGOOOC AGIQCTQCAA. TCATAOOGOG 6200 
.reSlaVorP orPreSlaVt eMilGylGpr TsiH^GueL reSlaValftu 
AGAOCCAQGC 1CA0033CTC CAGATITATC AQCAACEAAAC CEGOCAQQaG 6250 
eLylGlaVre SlaVorPulG ueLnsAellu eLueLueLyl GalftueLgrA 
GAMGGCCGA QCQC?*GAAGT QGTOCIQCAA CTITA1COQC CICCATOCAG 6300 
ehPorPgrAa lAsyOehPsi HpsftnlGueL syLellgrAg rAprTylGrh 
TCEATEAATT GITQCXX333A, AQCTfiGaGEA AGTAGTTCGC C2GITAATAG 6350 

T nsA. nsAylGorPu eL. . .ueLue LryThsAalA ueL. . .ryTn 

TTIGCGCAAC GTICTIOXA TTGOTACAGG CAOOGTQGIG TCAOQCIOGT 6400 
sftal&syCg r AnlGnlGprT nlG. . .ueLs yGgrAorPrh TlaVfceSEftr 
OGfTnOGfEftT GXTTCATTC AGCI033GTT C302AACGATC AAG303AGTT 6450 
rttDiLGryTo rPsyLteM. . .reSgrftnsA ylGOaVellu eLalftueL. . 
ACAILmuX: GCmuriUlG CAAAAAAG33 GITAQCTOCT TOQGfTOCIOC 6500 
. t^fellylG prTrfrTrhTs yCehPueLor P. . .reSgrA grApsAulGr 
GATCGITCTC AGAAGTAAGT TO3003CAGT GITATCACTC AIQGfTTAITGG 6550 
eSgrftnlG. . .ehPzyTzhT orPgrftueLr hTeUlaV. . .orP. . .orP 
CEGCECIQCA TAATICICIT ACTCflCAIGC CATCOG7EAAG AIGCTTTTCT 6600 
nftT.laV alftr yTnsAulG. . .nlG. . .alA tei^rAueLe llreSsyLnl 
GIG&CIQ3IG AGEACTCAAC CAAGTCATrC TCAGAATAGT GTA3G033CX3 6650 
GreSnlGsiH rhtrreSueLp rTdiTt^r AueLellriir zyralAalAl 
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zaxsp&noc icnooacGG (XTCaatoos ggataaiaoc oxxeacata. 6700 

aVreSnsAre SsyLylGorP rhTueLlaVo i^tyTr/rgr AalAlaVfcyT 
GCBGAACITr AAAAGIGCIC ATCAIiaGAA AA OrTlLTlC GGQQCGAAAA 6750 

syOehPsyLu eLueLalA nlGehP laVhsAsyLo rPalAehPla 

C1C1CBAGGA 'ILTUAOOGCT (Jl'lUAGMXC MTOGIAIGT AACXX2005 6800 
VgrAueLreS grAlaValAr hflfreSelTpr IhsAreSrhT laVpr^TulGs 

TOCAOOCAAC TCA1LTJLCAG CATCITTTAC TTICACEAGC GTl ' lt ' l UOGT 6850 
imaV&rTcB SellsyLaeL teMsyL. . .s yL. . .prljgr AsyLnlGrhT 

GAGCAAAAAC AGGAAGGCAA AATOOOQCAA AAAAQQGAAT AAQQQOGACA. 6900 
ueQjeLehPu eLehPalAeh RsiBfcfr&ueL ehBorPehPu eLorPrBSla 

03GAAATCTT GAA03OCAT ACICITOCTr TITCAMMT ATIGAAGCAT 6950 
VreSellnsA. ehPlaV. . .1 

T1MCAGGGT TAITCTCTCA TCAGCQ3ATA CATATTIGAA T3IAITEAGA. 7000 

AAAATAAACA AATAGOQSIT OCEOSCACAT TIO0CO3AAA AGTGCCAOZT 7050 

GAOGflCEAAG AAAOCATEAT TATCAIGACA. TEAAOCTATA. AAAATAGQ03 7100 : 

TATCACGAGG OOCTTICGIC TOSCGCGITr CQGffGATCAC G3T3AAAA0C 7150 

TCTCACACAT GCAQCIOXG GAGACGGICA CAGCTIGICT GTAAGOGGAT 7200 

QCXJGQGAGCA GACAAGC003 TCAQ99QQ03 TCAQ0G33IG TIQGCQQGIG 7250 

TOGG33C1GG CTIAACEATC CGGCATCAGA GCAGATIGEA CIGAGAGflGC 7300 

ACCATATOCG GflGIGAAATA CD3GACAGAT G03EAAGGAG AAAATACCGC 7350 

ATCAGGAAAT TGTAAAQSIT AAIATITIGT TAAA&nOGG GTTAAATITT 7400 

TCTIAAATCA QJlL^iTl'lT TAACGAATAG G£TGAAA!IQG GCAAAATOjg 7450 

TEATAAATCA AAAGAATAGA CX3SAGATAGQ GTIGAGIGTT GTIOCaGTIT 7500 

G3AACAAGAG TCTACTATIA AAGAA05IQG MDC!AA03r CAAAQ33CEA 7550 

AAAACCCTCT ATCAGGG05A TO33CCACTA O3IHAA0CAT CAOOCTAMn 7600 
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AaOlTl'lTlG G33Ta&GC3? Qrrr?rAA7VT2 ACTAAATTHS AAQCTTAAAre 765Q 

cramrms AJTiAGaXT TOAmfYT^xA AQ033mAA rcTrarrara 
Aao3AAQ33^ AG&aaQaa &A. aocaomGC (rrAcrmgc: ToacaaCTTr 7750 
aflrcGicaos ctcoxgeaa ( XBcraranr ffrmnm AATtynrrr^ 7800 
TACAoagggc: GrooooccaT totattta oxrAomA croirognAA 7350 
oagoGKiaas TOJaggpCTC TrarnwrnA gggcMrrcn cioraottYre 
0333339995 Q93T 
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